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A  STUDY  OF  CERTAIN  BETA-NITROSTYRENES  FUNCTIONALLY  CAPABLE 
OF  INDEPENDENT  ANIONIC  AND  CATIONIC  INITIATION 
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Chairman:   G.  B.  Butler 
Major  Department:   Chemistry 

The  purpose  of  this  vjork  v,'as  to  synthesize  aid  ■poly.i\eclza   a 
set  of  ideal  cross-linking  monomers  vjhich  could  be  selectively  polymer- 
ized through  one  vinylic  moeity  to  a  linear  soluble  polymer  follo'^ed 
by  selective  cross-liaking  via  another  pendant  vinylic  Tioeity.   A  study 
was  also  initiated  to  determine  the  effect  of  various  substituents  on 
the  anionic  polymerizations  of  various  beta-nitrostyrenes.   A  study  of 
ortbo-substituted  beta-nitrostyrenes,  which  had  besn   previously  reported 
to  be  rcsiscant  to  anionic  poly:nerization,  was  also  initiated. 

The  three  isomers  of  (2 -vinyloxy)ethoMy-bet3-nitro3tyrGne  have 
been  synthesized  and  found  to  selectively  polymerize  a-iionically  through 
the  nitrovinyl  moeity  upon  reaction  with  an  alV.oxide.   They  have  also 
been  found  to  selectively  polymerize  cationically  through  the  viiylo.cy 
group  upon  reaction  vith  n  Lewis  acid. 

A  kinetic  study  of  the  anionic  polymerization  of  beta-styrenes 

has  been  conducted  using  .-^  gravimetric  method  and  the  relative  rates  of 

+ 

propagation  unexpectedly  found  to  correlate  well  with  Bro-.m   s    sigma 

values.   The  "rates  of  initiation  of  two  monomers  with  sodiuu  ethoxide 
have  been  found  to  be  rapid.   The  rate  of  chain  transfer  in  ethanol  ha-. 


VI 13. 


been  studied  qualitatively  using  gel  pemieation  chromatography  to  obtain 
molecular  weight  distribution  curves.   The  low  values  of  the  ratios  of 
weight-average  molecular  x^eight  to  number-average  iTiolecular  weight  indi- 
cate little  chain  transfer  in  the  protic  solvent. 

All  ortho-substituted  beta-nitrostyrenes  except  the  ortho-fluoro 
compound  have  been  found  to  be  resistant  to  anionic  polyinerization.   This 
phenomenon  has  been  unanbiguou^ly  shc'.v'^n  to  be  the  result  of  inhibition 
of  propagation  and  not  initiation. 


IX 


CHAPTER  I 
INTRODUCTION 

Background 

A.   General  Background 

g-nltrostyrene  uas   probably  first  polymerized  anionically  by 

Friobs   who  was  studying  the  effect  of  alkalies  on  the  compound.   He 

reported  obtaining  amorphous  products.   The  poljinerizations  of  some 

2  3  4 

g-nitrostyrenes  have  been  studied  to  some  extent  '  '   but  the  mechanism 

has  not  been  examined  in  detail  nor  have  many  properties  of  the  poly- 
mers been  studied.  This  fact  is  primarily  due  to  the  poor  c-olubility 
of  the  polymers  in  cornm.on  organic  solvents. 

The  solubility  problem  not  only  prevents  spectroscopic  analysis 
of  the  pol^Tner ization  reactiori  but  prohibits  molecular  weiglit  dctcrrni- 
nation  as  well  as  determination  of  other  properties  of  the  poly.r.ers. 
In  earlier  v;ork,  Butler   succeeded  in  dt^uerm.ining  the  molecular  v/eigats 
of  some  samples  of  poly-£-nltrostyrene  by  an  ebullioscopic  method  in 
butanone.   He  also  made  .the  interesting  observation  tliat  poly-g-nitro- 
styrene  apparently  undevvent  depolymerization  after  being  heated  in 
diraethylformamide  as  evidenced  by  lower  molecular  weights.   Other 
substituted  poly-p-nitrcstyrenes  were  reported  insoluble  in  ail  solvents 
tri.ed. ' 


The  apparent  ease  with  which  g-nitros tyrene  anionically  poly- 
merizes J  s  pi 


)rincipally  due  to  the  strong  electron  withdrawing 


capability  of  the  nitro  group,  both  by  inductive  and  resonance  effects. 
This  makes  the  vinylic  double-bond,  in  general,  electron  deficient  and 
the  a-carbon,  in  particular,  vulnerable  to  nucleophilic  attack.   For 
the  sane  reasons  the  compound  appears  to  be  resistant  to  cationic  and 
free  radical  pol>Tnerizations. 

On  the  other  hand,  the  electron-rich  vinyl  ethers  have  been 
found  to  be  very  susceptible  to  electrophilic  attack  by  Lewis  or 

Bronsted  acids.   This  attack  may  lead  to  hydrolysis  of  the  ether  in  the 

.   8      -,     .    .      J     ^  J        ,.  .    9,10,11 
presence  of  water   or  polymerization  under  anhydrous  conditions. ' 

At  the  same  time,  vinyl  ethers  have  been  found  to  be  quite  resistant  to 

nucleophilic  attack. 

B.   Synthesis  and  Chemistry  of  the  (2-vinyloxy)ethcxy-6-nitrostyrenes 

This  wide  variation  in  reactivity  between  the  tv/o  types  of 

vinyl  groups  makes  them  ideal  functional  groups  for  two-stage  polymer- 

1  2 

izaticns.   It  was  with  this  goal  in  mind  that  Nasn   attempted  to  syn- 
thesize orthov  raeta^  and  para-(2-vinyloxy)ethoxy-B-riitrostyrene. 

H   V_^/O-CK^CH^-0-CK=CH 

TTie  method  of  synthesis  requires  first  reacting  the  potassium 
salt  of  tVie  corresponding  hydroxybenzaldehyde  with  3~chloroethyl  vinyl 
ether  (Williamson  synthesis)  to  form  a  (2-viny'!  oxy)etho;:ybenzaldehyde. 
The  benzaldehyde  is  then  condensed  with  nitromethane  with  an  equimolar 
amount  cf  potassium  hydroxide  to  form  a  salt  which  upon  acidification 
yields  the  desired  (B-nltrost}-rene.   This  latter  reaction  V7as  first 
reporteo  ay  ihiele. 


Cl-CH-CH2-0-CK=CH2 


CHO 


(1)  CH^NO^ 


KOH 


(2)  HCl 


0-CH::CH„ 
2|  2 

CK  =CH-0 


0-CHrCH. 
2|  2 

CH  =CH-0 


During  Nash's  study,  he  found  that  the  meta  and  para  isomers 
polymerized  readily  in  the  presence  of  sodium  methoxide.   He  also 
noted  that  these  monomers  lacked  the  1202  cm    infra-red  absorption 
typical  of  vinyl  ethers.   These  monomers  were  found  to  be  resistant 
to  cationic  polymerization  upon  reaction  with  BF   •  Et„0.   Nash  con- 
cluded that  the  two-stage  pol>Tnerizations  were  "impractical"  due  to 
the  apparent  reluctance  of  the  vinyloxy  groups  to  cationically  poly- 
merize. 

Thompson   considered  two  possible  explanations  for  the  appar- 
ent lack  of  reactivity  toward  electrophilic  attack  displayed  by  the 
vinyl  ether  group  on  the  para  isomer.   The  first  possibility  he  con- 
sidered was  an  inductive  effect.   The  resonance  betx%'een  the  electron- 
withdrawing  nitro  and  the  phenolic  oxygen  should  lead  to  a  signifi- 
cant degree  of  positive  charge  on  the  oxygen  due  to  the  following 
contributing  resonance  form: 


0-CH-CH2-O-CH=CH2 


Electrophilic  attack  on  the  ^-carbon  of  the  vinyl  ether  would 
produce  a  carbonium  ion  on  the  a-carbon  which,  in  turn,  would  rely  on 
the  lone-pair  electrons  on  oxygen  for  resonance  stabilization. 


O-CH^CH  -J=CH-CH2-E 


Consequently,  the  two  contributing  resonance  forms  would  involve  oxo- 
niura  ions  separated  by  a  two-carbon  saturated  hydrocarbon  bridge.   The 
other  possibility  considered  involved  an  intramolecular  interaction 
between  the  terminal  methylene  of  the  vinyloi.y  group  and  the  phenolic 
oxygen. 

+N=C,   /    \  ,  CH-CH 

H 

In  considering  the  inductive  factor,  Thompson  pointed  out  chat 
the  pKa  of  chloroacetic  acid  is  2,36  while  that  of  .S"chloropropionic 
acid  is  4.00.   The  pKa  of  acetic  acid  is  4.50.   This  "quite  minor" 
difference  was  considered  to  be  evidence  against  th;  inductive  effect. 

Thompson  then  carried  out  an  extensive  and  systematic  study 
of  the  physical  and  spectral  properties  of  the  (2-vinylo>:y)ethoxy- 
|3-nitrostyrenes  and  related  ccmpouids  in  search  of  evidence.   During 
this  study,  he  clearly  demonstrated  that  Nash's  method  of  synthesis, 
which  involved  generation  and  precipitation  of  the  (2-vinyloxy)ethoxy- 
^-nitrostyrene  in  excess  dilute  hydrochloric  acid,  resulted  in  the 
quantitative  acid  catalyzed  hydrolysis  of  the  vinyl  ether  group  to  the 
corresponding  alcohol.   Thompson  modified  the  method  of  synthesis  by 
lov/erlug  the  reaction  temperature  and  using  only  a  slight  excess  of 
acid.   Using  these  modifications,  he  successfully  synthesized  the  ortho 


and  para  isomers,  although  he  was  unsuccessful  in  isolating  the  meta 
isomer. 

Thompson's  spectral  study  included  comparison  of  the  ultra- 
violet spectra  of  para-(2-ethyloxy)ethoxy-3-nitrostyrene  vjith  the 
corresponding  vinyl  ether.   Thompson  observed  no  indication  of  an  in- 
tramolecular interaction  with  those  data. 

13 

Shostakovskii   postulated  a  mesomeric  effect  for  vinyl  ethers 

betvjeen  the  vinylic  iT-orbital  and  a  lone-pair  p-orbital  on  the  oxygen. 

Since  there  are  two  such  lone-pairs,  such  an  effect  would  be  expected 

14 
to  lead  to  rotational  isomerism.   Brey  and  Tarrant   observed  2  absorp- 
tions in  the  1600-1650  cm   region  for  vinyl  ethers  and  attributed 
this  to  the  existence  of  two  rotational  isomers. 

Thompson  pointed  out  that  only  one  such  rotational  isomer 
would  be  present  if  the  postulated  intramolecular  electrostatic  attrac- 
tion resulted  in  C  being  the  sole  existing  conformation  of  the  com- 
pound.  He  then  obtained  an  infra-red  spectrum  of  the  compound  using 
a  Perkin-Elmer  Model  21  double  beam  recording  spectrophotometer  and 
observed  an  absorption  at  1521  cm   but  no  absorption  maximum  between 
1635  and  1660  cm.    Vinyl  ethers  normally  possess  a  second  but  weaker 
absorption  at  1640  era   in  addition  to  the  1620  cm   absorption.   This 
vjas  interpreted  as  supporting  evidence  for  the  intramolecular  inter- 
action. 

He  obtained  further  data  for  the  vinyloxyethoxy  series  as 
opposed  to  the  ethyloxyethoxy  series  by  experimentally  determining  the 
dipole  rioments  in  solution  of  each  compound.   The  dipole  moment  for 
para-(2-vinyloxy)ethoxy-g-nitrostyrene  was  5.43  D.  as  opposed  to  6.14 
D.  for  para- (2-ethyloxy)ethoxy-g-nitrostyrene.   This  difference  was 
considered  "significant." 


Thompson  concluded  that  his  infra-red  data  indicated  that  the 
ring  was  the  only  form  present,  that  his  ultra-violet  data  indicated 
that  the  ring  form  (C)  was  probably  not  present,  and  that  the  dipole 
moment  data  indicated  that  there  might  be  a  contribution  of  the  ring 
form. 


C.   The  Effect  of  Met a  and  Para-substituents  on  the  Anionic  Polymerization 
of  p-nitrostyrenes 


Little  quantitative  work  has  been  done  to  study  the  effects 
of  substituents  on  the  reactions  of  3-nitrostyrenes .   Worrall    found 
that  3-nitrostyrene  formed  adducts  with  certain  prim.ary  amines  such  as 
toluidine,  phenyl  hydrazine,  aniline,  and  para-tolyhydrazine  but  was 
unreactive  tov/ard  para-bromophenylhydrazine  and  ortho-  and  meta-tolui- 
dine.   He  also  reported    that  para-raethyl-n-nitrostyrene,  while  not 
resistant  to  pol>Tiierization,  was  resistant  to  attack  by  all  of  the 
previously  mentioned  amines.   However,  nitration  of  the  compound  to 
m.eta-nitro-para-methyl~S-nitrostyrene  was  found  to  increase  the  reac- 
tivity of  the  compound.   Addition  products  with  aniline  and  para-tolui— 
dine  were  formed  but  the  compound  was  still  unreactive  toward  phenyl- 
hydrazine.   WorraJ 1  later  reported    that  para-N,N-dimethylaraino-S- 
nitrostyrene  was  not  only  resistant  to  reaction  vzith  the  more  reactive 

amines  but  also  resistant  to  anionic  poljinerization. 

13 
Kamlet   has  reported  that  barbituric  acid  reacts  with  certain 

8-nitrostyrenes  in  neutral  or  acidic  media  to  form  the  corresponding 

5 -(2-nitro-l--aryl)-barbituric  acids.   The  structures  of  the  compounds 

thus  synthesized  vrere  confirmed  by  oxidative  degradation.   Kanilet  and 

19 
Glover    later  carried  out  a  kinetic  study  of  this  reaction  in  a 


buffered  solution  of  dioxane  in  water.   They  demonstrated  that  the 
reaction  was  first  order  both  in  barbiturate  anion  (or  barbituric  acid) 
and  3-nitrostyrene.   They  then  obtained  by  ultra-violet  analysis  second 
order  rate  constants  for  3-nitrostyrene  as  well  as  for  six  substituted 
3-nitrostyrenes.   A  Hairmett  plot  of  this  data  appears  in  Figure  21. 

No  analogous  study  has  been  carried  out  to  determine  the  effect 
of  substituents  on  the  rate  of  anionic  poisoner ization  of  B-nitrostyrenes. 
Drueke   poljnnerized  several  substituted  3-nitrostyrenes  under  identical 
conditions  and,  for  the  meta-  and  para-substituted  compounds,  observed 
no  direct  correlation  between  the  expected  reactivity  of  the  compounds 
and  the  yield  of  pol>'Tner.   In  fact,  he  reported  that  para,3-dinitrosty- 
rene,  v/hich  he  expected  to  be  the  most  reactive  of  those  tested,  gave 
one  of  the  poorest  yiels  (7.93  percent  sonversion).   Meta,3-dinitrosty- 
rene,  also  a  relatively  reactive  compound,  also  gave  a  poor  yield  Cl-45 
percent  conversion).   Under  identical  reaction  conditions,  the  much  less 
reactive  para-methoxy-3-nttrostyrene  gave  65  percent  conversion  to  etha- 
nol  insoluble  polymer.   No  explanation  was  offered. 

Of   Effect  of_  Ortho-sub 3 tituents  on  the  Rate  of_  Polymerization  on  the 
Anionic  Polymerization  of  3-nitrostyrenes 

Tne  reactivity  of  various  ortho-substituted  3-nitrostyrenes 
toward  various  prlm.ary  amines  has  been  quite  extensively  studied  by 
IJorall.   He  reported''   that  ortho-methoxy-3-nitrostyrene  was  unreactive 
toward  all  amines  tested  (as  was  the  para  isomer).   However,  nitration 
of  the  compound  with  fuming  nitric  acid  gave  a  compound  which  he 
identified  (probably  incorrectly)  as  ortho-m.ethoxy-para,3-dinitrostyrene. 
Tliis  compound  reacted  with  para-toluidine  to  form  a  1:1  adduct. 
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Ortho-chloro^   and  ortho-brorao-3-nitrostyrenes   were  synthesized  and 

each  was  also  found  to  be  unreactive  toward  all  amines  tested.   However, 

nitration  of  each  produced  the  corresponding  2-halo-5 ,3-dinitrostyrene. 

Both  were  observed  to  be  more  reactive  toward  amines  than  l3-nitrostyrene, 

giving  1:1  adducts  with  ortho-,  meta-,  and  para-toluidine.   Ortho- 

23 

iodo-  -nitrostyrene   was  also  synthesized  and  studied.   Worall  found 

that,  while  the  3-nitrostyrene  was  also  unreactive,  nitration  of  the 
compound  to  2-iodo-5 ,B-nitrostyrene  made  the  compound  apparently  more 
reactive  toward  amines  than  the  corresponding  chloro  and  bromo  analogs. 
There  was  no  apparent  "ortho-effect"  reported  for  this  type  of  reactioa 
and  VJorall  made  no  coirp.u^nts  as  to  the  polymeri-^ability  of  these  com- 
pounds. 

Apparently  the  first  report  of  an  "ortho-effect"  was  made 

13 

when  Nash    found  that  ortho-allyloxy-S-nitrostyrene  and  ortho-methoxy- 

meta--allyl-B-nitrostyrene  both  failed  to  give  ethanol  insoluble  polymer 
upon  addition  of  sodium  methoxide.   Later,  Drueke   found  that  ortho- 
methoxy-,  nitro-,  and  chloro--3-nitrostyrenes  gave  no  ethanol  insoluble 
polymers  while  ortho-f luoro-3-nitrostyrene  gave  1.84  percent  conversion 
to  ethanol  insoluble  polymer.   This  effect  was  attributed  to  steric 
factors  by  that  worker. 

Objectives  of  This  Study 

A.   Chemistry  and  Polymerization  of  (2-vinyloxy)ethGxy-B-nitrostyrenes 

Thompson's  successful  synthesis  of  the  ortho  and  meta  isomers 
and  his  identification  of  the  products  of  Nash's  intended  synthesis  of 
these  compounds  suggested  that  these  compounds  might  be  excellent 


monomers  for  two-stage  polymerizations.  One  of  the  first  objectives 
of  this  study  was  to  test  these  compounds  for  such  behavior.  Such  a 
development  could  lead  to  very  practical  applications.   Monomeric 

3-nitro3tyrenes  have  been  found  to  be  effective  in  combating  bac- 

.  24,25,26,27  .    .24,26,28   ,,29    ,  .     ^  26,28  ^, 
teria,  fungx,        mold,   and  insects.      The  vapor  pres- 

sure and  solubility  of  many  monomeric  fungicides  make  them,  at  least 
mildly,  hazardous  to  the  environment.  However,  if  s-.ich  a  biologically 
active  moeity  were  pendant  on  a  poljmier  chain  of  reasonably  high  mole- 
cular weight,  it  would  have  the  ecological  advantage  of  being  essen- 
tially immobile.  The  successful  cationic  polymerization  of  any  of  the 
three  isomers  of  the  vinyloxyethoxy-g-nitrostyrenes  would  lead  to  such 
a  polymer. 

N0„ 


H.„^C 


RO-(CH-CH„)-H 
2  X 


It  x^7as  also  felt  that  the  postulated  ring  form  for  the  para 
isomer  v;a3  worthy  of  mors  study.   Despite  the  fact  that  Thompson  proved 
that  the  para  isomer,  as  syntht-sized  by  Nash  (with  vinyl  ether  moeity 
no  longer  present),  could  not  have  ca tionically  polymerized,  his  spec- 
tral and  physical  data  seemed  to  indicate  that  such  a  form  might  still 
be  a  contributing  form  or  th2  sole  form  of  the  compound. 

The  uncommonly  high  dipole  mo'r.ent  of  the  compound  as  determined 
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by  Thompson  indicates  that  there  must  be  a  significant  amount  of  posi- 
tive charge  on  the  phenolic  oxygen.   The  nmr  spectra  of  vinyl  ethers 
indicates  that  tliere  is  a  significant  ajiount  of  negative  character  on 

the  ceiininal  carbon  as  evidenced  by  the  relatively  high  field  chemical 

30  31 

shift  of  the  terminal  protons.    Banwell  and  Sheppard   have  attributed 

this  effect  directly  to  the  mesomeric  effect  since  electron  donation 
through  resonance  interaction  leads  to  increased  electron  density  on 
the  terminal  methylene  carbon.   This  is  due  to  the  fact  that  the  mag- 
netically anistropic  it  electrons  are  distributed  over  2  bonds  rather 
than  one. 

Thus  with  considerable  positive  charge  on  the  phenolic  oxygen 
and  some  degree  of  negative  charge  on  the  terminal  methylene,  the  pos- 
tulated 6-membered  ring  would  appear  to  be  a  viable  possibility. 

One  of  the  first  objectives  of  this  study  was  the  successful 
synthesis  of  the  meta  isomer  to  permit  careful  comparison  of  the  chem- 
ical and  physical  characteristics  of  the  two  com.pounds.   If  the  induc- 
tive effect  is  the  predominant  effect  on  the  chemical  and  physical 
behavior  of  para-(2-vinyloxy)ethoxy-3-nitrostyrene,  then  one  v;ould 
expect  a  decreased  mesomeric  effect  in  the  para  isomer  as  compared  to 
the  meta  isomer.   On  the  other  hand,  the  contribution  of  the  ring  form 
would  be  expected  to  iiTcrcase  the  degree  of  the  mesomeric  effect  rela- 
tive to  the  rr.eta  isomer. 

32 

Theoretical  work  by  Gutowski,  Karplus,  and  Grant    followed 

by  a  systematic  nmr  study  of  vinylic  compounds  by  Banw-^.ll  and  Sheppard 

has  shown  that  the  coupling  constants,  particularly  the  geminal  coup- 

2ein 
ling  constant  (J   ),  are  quite  sensitive  to  inductive  effects.   The 

latter  work  indicated  that  in  the  case  of  monosubstituted  vinylic 
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coiTipou'ids J  there  is  a  definite  correlation  between  the  electronegati- 
vity of  thi  substituent  and  the  geminal  coupling  constants  of  the 
terminal  methylene  protons  and  that  decreasing  coupling  constants  go 
with  increasing  electronegativity.   These  findings  gave  excellent 
agreement  with  theoretical  predictions,   Geminal  coupling  constants 
for  vinyl  halides  ranged  from  -3.2  hz.  for  vinyl  fluoride  to  -1.7  hz. 

for  vinyl  bromide. 

33 

Later  \Jork  by  Feeney,  Ledwith,  and  Sutcliffe   applied  this 

type  of  analysis  to  vinyl  ethers.   In  the  case  of  simple  vinyl  ethers, 

R-0-CH=CH2   ■<— >    R-0=CH-CH2 
the  inductive  effects  of  various  alkyl  groups  ^^7ere  expected  to  exert 
an  influence  on  the  extent  of  mesomeric  stabilization  and,  in  turn, 
on  the  amount  of  carbanion  character  on  the  terminal  methylene.   Their 
data,  which  appear   in  Table  6a,  for  vinyl  ethers   in  which  the  R  vjas 
a  single  saturated  alkyl  substituent,  showed  that  as  the  electron 

donating  (inductive)  ability  of  the  substituent  increased  so  did  the 

peiti 
geminal  coupling  constant.   The  values  obtained  ranged  from  J"^   = 

'^om 
-0.1  hz.  for  t-butyl  vinyl  ether  to  J°   =  -2,2  hz.  for  methyl  vinyl 

ether.   3-chloroethyl  vinyl  ether  was  found  to  have  a  geminal  constant 

of  -2,7  hz. 

The  apparent  sensitivity  of  the  coupling  constants  to  the 
character  of  the  substituents  suggested  that  a  detailed  nmr  study  of 
the  (2- vinyloxy)ethoxy  substituted  3 -nitrostyrenes  might  help  clarify 
the  question. 

A  thorough  analysis  of  the  infra-red  spectrum  of  the  three 
iso.:ners  of  the  (2-vinyloxy)ethoxy-3-nitrostyren3s  as  V7ell  as  related 
cor.ipouiids  appeared  desirable  as  well.   It  is  interesting  to  note  that 
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Feeney,  Ledwith,  and  Sutcliffe   saw  no  indication  of  rotational  isomer- 
ism for  2-ethylhexyl  vinyl  ether  between  temperatures  of  -100   and  100 
C.   in  their  nmr  study  in  contrast  to  the  infra-red  work  of  Brey  and 
Tarrant. 


B.   Effect  of  Met a  and  Para-substituents  on  the  Rate  of  Anionic  Polymer- 
izations of  Certain  3-nitrostyrenes 


A  study  was  also  initiated  during  the  course  of  this  work  to 
obtain  some  quantitative  data  concerning  the  effect  of  meta  and  para- 
substituents  on  the  rates  of  anionic  polymerizations  of  S-nitrostyrenes. 
The  rates  of  polymerization  were  determined  bj'  a  gravimetric  method. 
The  rates  of  initiation  of  two  representative  monomers  v;ere  obtained 
spectroscopically. 

The  process  of  initiation  in  an  anionic  polymerization  may  be 

-  +      ^i        -  + 
expressed  as  I  A  +  M   ■ — >     I-M  A  ,  where: 

I  is  the  initiating  species 

A   is  the  counterion  or  gegnion 

M  is  the  monomer 

k.  is  the  rate  constant  of  initiation 

The  over-all  rate  of  initiation  mey  be  expressed  in  the  form 

v^  =  k^[rj[M]. 

The  process  of  propagation  mey  be  expressed  as 

-+  ^  -  + 

R-(M)-H  A  +  M       — B,   R-CM)-— jM  A  .  where: 
X  x+1 

P.— (M)  -II   is  the  growing  polymer  molecule 

k   is  the  rate  constant  of  propagation 
P 

34 
The  rate  of  propagation  mey  then  be  expressed   as 

-d[M"'  -  - 

-■"   -  V   =  k  [M  ]  [M] ,  where  M  refers  to  the  concentration  of  actively 


dt      P   "P 

propagating  anions.   It  was  assumed  in  this  study  that  the  above 
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relationship  adaquately  described  the  over-all  rate  of  polymerization 
of  certain  mono-substituted  g-nitrostyreaes.   This  required  that  the 
following  assumptions  be  made: 

1.  The  rate  of  initiation  is  fast  relative  to  the  rate  of 
propagation. 

2.  The  rate  of  chain  transfer  is  small  or  non-existent 
relative  to  the  rate  of  propagation  and,  if  it  does  occur,  it  does  not 
alter  the  kinetic  chain. 

3.  Auto-termination  does  not  occur  during  the  polymerization. 

4.  The  length  of  the  polymer  chain  does  not  affect  the  rate 
of  propagation. 

5.  The  rate  of  propagation  remains  essentially  unchanged 
during  both  the  homogeneous  and  heterogeneous  stages  of  the  polymer- 
ization. 

6.  Conversion  of  initiator  to  propagating  carbanion  is  quan- 
titative and  the  reactivity  of  all  resulting  ion-pairs  is  assumed  to 
be  equal. 

7.  The  rate  of  poljir.criza  tion  equals  the  rate  of  disappear 

ance  of  monomer;  -j   =  — \—^   =  ^, — ^j  where  P  is  pol\-mer  yield  expres- 

p     dt     dt 

sed  in  terms  of  moles  of  monomer  units/liter  of  solution.  This  assump- 
tion precludes  any  significant  side-reactions,  e.g.,  the  base  catalyzed 
Michael  addition  of  ethanol  to  g-nitrostyrene. 

Assumption  7,  if  valid,  permits  the  rate  of  poljTnerizatlon  to 
be  monitored  gravimetrically  by  weighing  the  precipitated  polymer. 
This  approach,  in  turn,  requires  that  precipitation  of  polymeric  prod- 
uct be  essentially  quantitative. 

The  HamiTiett  equation  has  been  used  to  a  limited  extent  in 
mechanistic  polymer  chemistry.   The  treatment  has  been  used  to  study 
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the  frae  radical  polymerization  of  styrene,   cationic  poljTinsriza tions 

36  37  38 

of  styranes   '    and  phenyl  ethers,   Ziegler-Natta  poly.iTHrization  of 

39    ,      .     c    -,       ,    •      •  ,         ^0 
styrenes,   and  reaction  of  polystyryl  anions  with  styrenes. 

The  Hamniett  equation  was  applied  to  this  study  using  the  form 

log  k  /k   -  oQj'>'-''''6re  k   is  the  second  order  propagation  rate  constant 
P   o  P 

of  a  substituted-^-nitrostyrene  and  k   is  the  propagation  rate  constant 

of  unsubstituted-^-nitrostyrene.   Hammett  treatment  vjould  permit  quan- 

19 

titative  comparison  of  the  rlichael  reaction   and  anionic  polymeriza- 
tion of  g-nitrostyrenes.   Since  the  rate-determining  step  of  the 
Michael  reaction,  like  anionic  polymerization,  is  said  to  involve  at- 
tack  of  the  anion  on  substrate   one  might  expect  similar  results. 

A  kinetic  study  of  the  anionic  polymerization  of  the  ortho- 

substituted-g-nitro3tyrenes  was  also  undertaken.   It  was  hoped  that 

13 

such  a  study  might  clarify  whether  or  not  the  effect  observed  by  Nash 

and  Drueke   was  purely  steric  as  well  as  distinguish  between  the  two 
possibilities  of  steric  inhibition  of  initiation  and  steric  inhibition 
of  propagation. 

A  very  brief  and  superficial  study  was  carried  out  to  deter- 
mine the  extent  of  chain  transfer  and/or  termination  by  studying  the 
raolecular  weight  distributions  of  some  of  the  representative  polymers 
obtained  during  the  kinfetic  studies. 

It  should  be  noted  that  all  anionic  polymerizations  were 
carried  cut  in  a  protic  solvent  system.   In  most  cases  of  anionic 

polymerization,  the  presence  of  a  protic  compound,  even  in  small  con- 

42 
cenfration,  leads  either  to  termination  or  chain  transfer.   Volker 

found  that  by  varying  the  concentration  of  methanol,  he  could  vary  the 

molecular  weight  of  pol>nTier  obtained  from  the  anionic  pol^nTierization 
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of  methyl  methacrylate.   By  increasing  the  concentration  of  chain 
transfer  agent  (methanol),  he  could  quite  precisely  lower  the  molecu- 
lar weight  of  product  polymer. 

43  44  45 
Szarc  and  coworkers,  '   '    on  the  other  hand,  reported  that 

anionic  pol^Tnerization  of  vinylic  compounds  which  tormed  "living  poly- 
mers" led  to  the  formation  of  polymers  having  very  narrow  molecular 
weight  distributions.   These  polymerizations  were  run  in  scrupulously 
dry  aprotic  solvents  under  an  inert  atmosphere  or  high  vacuum. 

The  molecular  weight  distribution  of  a  given  polymer  sample 

can  be  obtained  by  one  of  the  several  knoT^m  laborious  methods  of  mole- 

46 
cular  weight  fractionation  such  as  ultra-centrif ugation,   fractional 

47  48         49 

precipitation,   sequential  extraction,   dialysis,   and  several  others. 

The  worker  then  determines  the  molecular  weight  of  each  polymer  frac- 
tion obtained.   The  recent  advent  of  practical  gel  permeation  chroma- 
tography (GPC),  as  applied  to  polymer  chemistry,  '    has  provided  an 
analytical,  as  v.'ell  as  preparative,  tool  for  rapid  fractionation  and 
determination  of  molecular  weight  distribution  curves. 

Briefly,  this  method  separates  different  molecular  weight 
polymer  molecules  on  the  basis  of  molecular  size.   A  polymer  solution 
is  passed  through  a  coluinn  containing  insoluble  porous  gel  particles. 
The  longei"  polymer  molecules,  whose  physical  size  effectively  prevents 
their  diffusion  into  the  gel  pores,  pass  more  quickly  through  the 
coleimn  by  passing  between  the  gel  particles  VJith  the  solvent  flow.   The 
smaller  polym.er  molecules  spend  more  time  diffusing  in  and  out  of  the 
gel  pores  and  con-3equ3ntly  travel  more  slowly  through  the  gel.   Upon 
leaving  the  colum.n,  the  fractionated  solution  passes  through  an  ultra- 
violet photometer  and/or  a  differential  refractometer.   Thus,  the 
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recorded  signals  frcn  these  dstectors  are  molecular  weight  distribu- 
tion curves. 

The  recorder  also  records  the  volume  of  solvent  passing  through 
the  column  during  a  given  run  in  the  fonn  of  5  ml.  "count"  marks.   The 
volume  of  solvent  required  to  elute  a  given  polymer  size  is  extremely 
characteristic  of  that  size.   Thus,  a  calibration  curve  dsrived  from 
standard  polymer  samples  of  kno\-7n  molecular  weight  and  size  can  be 
used  to  determine  nuLiiber  average  m.olecular  weights  and  lengths  of  a 
given  poljnner  sanple  of  the  same  type  poljmier,  e.g.,  polystyrene. 


CHAPTER  II 
EX.eiiRIMENTAL 


Synthesis  and  Chemistry  of  Qrtho-,  Meta-,  and 
Para-(2-vinyloxy)ethoxy-g-nitrostyrenes 

A.   Preparation  of  the  ( 2- vinyloxy)ethoxy- substituted  g-nitrostyrenes 


These  compounds  were  synthesized  by  the  method  of  Thompson 
\;ith  some  slight  modif icaticas  in  the  work-up  procedure. 

1.   Ortho-(2-vinyloxy)ethoxy- 3-nitrostyrene. --   The  potassium 
salt  of  salicylaldehyde  was  prepared  on  a  0,2  mole  scale  by  reacting 
24.41  g.  of  salicylaldehyde  (in  29  rals.  of  absolute  ethanol)  with  13.20 
g.  of  85  percent  potassium.  hydroxid3  dissolved  in  140  mis.  of  absolute 
ethanol.   The  solvent  was  then  removed  by  distillation  under  vacuum. 
Any  remaining  water  was  removed  via  the  benzene-water  azeotrope.   The 
yellow  crystalline  product  was  then  dried  under  vacuiin  for  24  hrs.   The 
yield  was  essentially  quantitative  and  ihe  hygroscopic  salt  v.'as  used 
inuTnediately. 

The  potassium  salt  was  dissolved  Ln  120  mis.  of  dimethyl- 

o 
fonnaT.ide  which  had  been  dried  over  4A  m.olccular  sieves.   To  this 

solution  was  added  0.2  mole  plus  10  percent  excess  of  p-chloroethyl 
vinyl  ether.   The  solution  was  refliixed  gently  for  24  hrs.  with  stir- 
ring.  After  the  reaction  mixture  had  cooled  to  room  temperature,  suf- 
ficient deionized  water  V7as  added  to  dissolve  the  precipitated  potas- 
si'xn  chloride.   The  product  v/as  then  extracted  with  ether  and  the 
ethereal  solution  was  dried  with  anhydrous  a-agnesium  sulphate.   The 


18 


ether  was  removed  by  vacuum  distillation  at  rooai  temperature  and  the 
ortho -(2-vinyloxy)ethoxy-benzaldehyde  was  then  purified  by  distilla- 
tion (110  C  at  0.17miTi  H3)  yielding  28.8  g.  (75  percent  yield)  of  the 
light  yello-v'  oil.   The  spectral  and  physical  properties  of  the  product 
agreed  with  those  of  Thompson. 

The  corresponding  g-nitrostyrene  was  synthssLzed  via  a  modi- 
fied Thiele  reaction.   The  compound  ^'as  synthesized  en  a  0.113  inole 
scale.   21.5'+  g.  of  the  benzaldehyde  were  placed  in  .z.   250  ml.  erlen- 
meyer  f la  =;■■•<  with  100  mis.  of  absoljte  methanol  and  6.1  mis.  (0.113 
mole)  of  nitroma thane.   This  solution  was  chilled  in  an  ice-methanol 
bath  (with  magnetic  stirring)  to  -5  C.   To  this  solution  was  added, 
dropwise,  22.5  mis.  of  5.0  M.  potassium  hydroxide  in  water  (0.113 
mole).   The  potassium  hydroxide  solution  vjos  added  at  such  a  rate  that 
the  temperature  v/as  not  allowed  to  exceed  0  C.   The  solution  was  then 
stirred  at  the  same  temperature  for  an  additional  10  minutes.   The 
solution  '.-as  then  added  to  aboi'.t  30  g.  of  ice  in  a  250  nl.  saparatory 
funnel  and  the  ice  v.'as  allowed  to  pelt  v.-ith  occasional  swirling.   The 
resulting  solution  was  added  drop'-lse  to  a  vigorously  stirred  mixture 
of  75  g.  of  ice,  100  mis.  of  water,  and  11  rnls,  of  37  percent  HCl 
(0.113  mole  plus  slight  excess).   Ice  was  added  during  this  stop  as 
needed  to  keep  the  mixture  cold.   The  resulting  yellow  precipitate 
was  quickly  filtered  and  washed  with  500  mis.  of  chilled  aeionized 
water  to  re.rove  excess  MCi.   The  crude  product  v.'as  then  immediately 
dissolved  in  a  mioimutri  anount  of  methylene  chloride  (about  150  mis.) 
and  placed  in  a  separatory  funnel.   The  bottom  layer  (m.ethylene  chlo- 
ride ar^.'i   product)  was  then  filtered  through  a  5.5  cm,  Buchner  funnel 
half-filled  with  anhydrous  I-IgSO,  .   The  resulting  clear,  yellow  solution 
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was  placed  in  a  large  crystallizing  dish  along  with  250  mis.  of 
absolute  ethanol.   The  resulting  solution  was  then  partially  evaporated 
at  rooiTi  temperature  under  a  stream,  of  nitrogen  which  had  been  passed 
through  a  drying  tube  filled  with  anhydrous  CaSO, .   This  resulted  in 
the  formation  of  a  large  amount  of  long  thin  needles.   Filtration 
under  vacuum  produced  18.90  g.  of  the  desired  product,  m.p. :  62-62.5  C. 
Further  evaporation  under  nitrogen  followed  by  chilling  to  -15  C.  pro- 
duced 2.96  g.  of  product,  m.p.:  60-60.5  C.   The  percent  yield  obtained 
(cumulative)  was  89  percent.   The  melting  point  of  the  first  crop 
agreed  perfectly  with  that  reported  by  Thompson. 

2.   Meta-(2-vinyloxy)ethoxy-g-nitrostyrene. --   The  correspond- 
ing meta-(2-vinyloxy)ethoxybenzaldehyde  was  prepared  in  a  mdiner  entirely 
analogous  to  that  for  the  previous  monomer  on  a  0.3  mole  scale.   41.83 
g.  (73  percent  yield)  of  colorless  liquid  were  obtained  by  vacuum  dis- 
tillation, b.p. :  94  C.  at  0.17  mm  Hg.   This  benzaldehyde  crystallized 
to  form  colorless  needle  crystals,  m.p. :  41-42  C.   The  physical  charac- 
teristics agreed  with  thosereported  by  Tho.npson  and  the  spectroscopic 
data  supported  the  structure. 

Attempts  to  synthesize  meta-(2-vinyloxy)e thoxy-p-nitrostyrane 
by  the  method  of  Thompson  produced  good  yields  of  a  yellow  crystalline 
material,  m.p.:  113-113.5*^0.   Nash's  reported  melting  point  was  112- 
113  G.  for  this  compound.   Thompson  demonstrated  that  this  compound 
was  actually  meta-(2-hydroxy)e thGxy-3-nitro3tyrene .  the  product  of 
acid  catalyzed  hydrolysis  jf  the  corresponding  vinyl  ether. 

A  repeated  attempt  was  made  to  synthesize  this  compound  by 
Thompson's  a-.ocbod  with  cort.iin  modifications  as  described  in  the  pre- 
i-ious  synthesis.   ATter  the  yellow  precipitate  was  filtered  and  washed 
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with  chilled  deionized  witer,  an  nmr  spectrum  of  tha  crude  product  indi- 
cated that  the  vinyloxy  group  was  still  intact.   Recrystallization  from 
ethanol  aid  crater  as  described  by  ThoiTipson  gave  the  alcohol  exclusively. 
The  synthesis  W3S  repeated  on  a  0.032S  mole  scale  and  the  crude  pro- 
duct vas  dissolved  in  a  niLnim'jm  amount  of  CCl.  (50  mls.)>  placed  in  a 
separatory  funnel,  and  the  lower  layer  filtered  through  anhydrous 
MgSO, .   The  superficially  dried  solution  was  then  chilled  to  -15  C. 
for  48  hrs.  during  which  tiTie  inany  small  "nodules"  of  bright  yellow 
product  formed.   These  were  scraped  loose  with  a  spatula,  filtered, 
and  dried  under  vacuum  for  12  hrs.  at  room  temperature  yielding  6.9  5  g. 
(93  percent  yield)  of  the  desired  product,  m.p.:  53-53.5  C. 

The  nmr  spectrum  (CiX^l  )  of  the  compound,  which  is  shown  in 
Figure  2,  included  a  2-proton  AB  quartet  for  the  nitrovinyl  protons, 
TH^  =  1.98,  TH  =  2.45  (J   =  14.2  hz.);  a  4-proton  maltiplet  for  the 
aromatic  protons,  T  =  2.48-3.10;  a  1-proton  quartet  for  the  a-proton 

en  the  vinyloxy  groua,  T  =  3.46  (J  -,   .   =  6.9  hz.  ,  J  ,       =  14.2 
^  °   '  ai3  CIS  0.3  trans 

hz.);  and  a  6- proton  multiplet  for  the  ethoxy  group  and  the  3 -protons 
of  the  vinyloxy  group,  T  =  5.56-6.05.   The  infra-red  spectrum  of  the 

compound  included  absorptions  at  1620  and  1640  cm,   strong  and  sharp, 

-I 

^  C=C  in  vinyloxy  group;  1610  and  1601  cm,'^  medium  and  sharp,  v  C=C 

in  aromatic  group;  1640  cm,   overlapping  with  1640  cm   absorption 
frcm  vinyloxy  group,  ^'  C-C  in  nitrovinyl  group.   This  assignment  vjas 
made  by  comparison  of  the  soectr^xn  with  that  of  neta-methoxy-S-nitro- 
styreac.   The  ultra-violet  spectrum  in  ethanol  was  characterized  by  an 
absorption  at  X  ,^  -    334  m  p  (>"-  =  12,500);  and  X     =  246  m  y  (e  = 
33,600). 

3.   i?a  ra  -  (  2  -vinyloxy)  e  thoxy-  g-ni  tro  s  tyr  ei-ie .  -  -   The  benzalde- 
hyde  was  prepared  on  a  0.5  mols  scale  by  the  method  of  Thompson.   Vacuimi 
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distillation  of  the  crude  product  (b.p.:  110  C.  at  0.2  mm  Hg)  yielded 
SS.6  g.  (92.5  percent  yield)  of  colorless  oil.   The  physical  properties 
agreed  well  with  those  reported  by  Thompson  and  ihe  spectral  proper- 
ties supported  the  proposed  structure. 

The  B -nitrostyrene  was  synthesized  on  a  0.037  -nole  scale  using 
the  previously  described  method.   The  crude  product  was  dissolved  in  a 
minimum  amount  of  CH-,C1„  (100  mis.)  at  room  temperature,  filtered,  and 
added  to  150  nls.  of  95  percent  ethanol.   The  resulting  solution  was 
partially  evaporated  under  a  stream  of  air  and  chilled  to  -15  C.   After 
24  hrs. ,  the  yellow  needle  crystals  were  filtered  and  dried  under  va- 
cu'-tn.   12.30  g.  (60  percent  yield)  of  purified  product  were  obtained, 
m.p.:  103-103.5  C.   This  value  agreed  well  with  that  reported  by 
Thompson. 


B.   Cationic  Pol^mierization  Studies  o_f  the  (2-vinyloxy)ethoxy-substitu- 
t e d  p-nitrostyrenes 


1 .   Cationic  polymerization  of  para - ( 2 - viny 1 oxy ) e thoxy-p -ni t ro - 
styr?ne.  --   The  polyrricriza  tion  of  this  monomer  vjas  conducted  on  a  1.356 
g.  scale.   The  monomer  was  dissolved  in  125  mis.  of  methylene  chloride 
and  polymerized  with  5  mis.  of  BF   gas  (4  mole  percent).   0.855  g.  (64 
percent  conversion)  of  deep  yellov?  amorphous  polymer  was  obtained  by 
precipitation  in  methanol.   The  infra-red  spectrum  included  a  fairly 
strong  absorption  at  1630  cm   which  was  assigned  to  the  nitrovinyl 
moeity  after  comparison  ".Jith  the  infra-red  spectrum  of  para-inethoxy-3- 

nitrostyrene.   The  intrinsic  viscosity  in  methylene  chloride  was   0.21 

—  3 

dl/g.   The  m'lleculnr  weight  was  determined  to  be  H  =  5.2  x  10   using 

a  Mechrolab  vapor  pressure  osmometer.   The  melt  temperature  of  the  poly- 
mer was  120-125  C. 
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The  above  polymer  was  cross-linked  by  reacting  a  solution  of 
0.5  g.  of  the  polymer  in  20  wis.  of  dry  methylene  chloride  with  0.5  ml. 
of  sodium  ethoxide  in  ethanol  (1  mmole/ml.).   Conversion  to  insoluble 
material  vas  complete.   The  infra-red  spectrum  of  the  grayish  m<iterial 
included  an  absorption  at  1608  cm    for  the  aro'-n.stic  nucleus;  but  no 
absorption  st  1630  cm   was  apparent,  indicating  that  reaction  of  the 
nitrovinyl  groups  was  essentiallj'  complete.   The  insoluble  polyTaer 
gave  a  melt  teraperature  of  235  C.  with  decomposition. 

^*   Cationic  polymerization  of  meta-(2-vinyloxy)-ethoxy-3- 
nitrostyrene. --   The  cationic  polymerization  of  the  meta  isomer  was 
effected  using  a  similar  procedure.   One  gram  of  monomer  was  polymerized 
in  30  mis.  of  dry  methylene  chloride  using  1  mole  percent  BF„,   0.033 
g.  of  meth-.nol  .insoluble  poljoner  (8.3  percent  conversion)  was  obtained. 
The  infra-red  spectrum  of  the  poljTuer  contained  an  absorption  at  1602 
cm."  which  was  assigned  to  the  arcT.atic  nucleus,  and  an  absorption  at 
1640  cm   for  the  pendant  nitrovinyl  moeity.   The  intrinsic  viscosity 
of  the  poL\i.ier  was  0.14  dl/g.  in  methylene  chloride  and  the  melt  temper- 
ature of  the  amorphous  yellow  polymer  was  85-95  C. 

This  polymer  was  cross-linked  by  dissolving  0.5  g.  of  the 
above  polyiier  in  20  mis.  of  dry  methylene  chloride  and  reacting  the 
pol>mer  with  0.05  ml.  of  sodium  ethoxide  in  ethanol  (1  ramole/ml.).   Con- 
version to  insolubje  material  was  quantitative.   The  infra-red  spectrum 
included  a  broad  absorption  at  1600  cm   which  v;as  assigned  to  tha 
aroinatic  nucleus  i'xid  a  shoulder  at  1640  era   which  indicated  that  the 
reaction  of  the  nitrovinyl  group  was  not  complete.   The  amber-colored 
pol^naer  gave -no  melt  te.';perature  up  to  260  C.  although  it  discolored 
at  about  250°C. 


3.   Cationic  polymerization  of  o£jL'^'-"' "CiL^LDlZ22^^^'l!^^iXJl^" 
nitrostyrene.  --   2.35  g.  of  v.ioaomer  v;ere  placed  in  a  250  ml,  erlenmeyer 
flask  which  had  previously  been  flamed  and  cooled.   A  serum  cap  was 
placed  on  the  flask  and  wired  in  position.   A  hypodermic  needle  was 
placed  in  the  cap  to  serve  as  a  vent  during  evacuation  of  the  vessel 
in  the  vacuum  chamber  of  the  Dri-Lab.   After  evacuation,  the  atmosphere 
in  the  vessel  was  replaced  with  dry  N„  in  the  Dri-Lab  and  the  needle 
removed.   The  flask  was  removed  from  the  Dri-Lab  and  50  mis.  of  CH„Cl„, 

o 

which  had  been  redistilled  and  dried  over  3A  molecular  sieves,  were 
added.   The  flask  was  then  placed  in  an    Lsopropanol-dry  ice  bath  and 
chilled  to  -75  C.   7  inls.  of  BF_  gas  (3  mole  percent)  were  then  intro- 
duced "with  a  hypodermic  syringe.   There  was  an  instant  flash  of  red  on 
the  surface  of  the  solution  which  dissappeared  upon  vigorous  swirling. 
After  30  minutes  the  light  amber  solution  v/a  s  added  dropwise,  through 
a  filter,  into  75  mis.  of  \?igorously  stirred  methanol.   The  flocculent 
yellow  pol^-aer  was  filtered  and  dried  under  vacuum.   Coaversioii  to 
polymer  was  essentially  quantitative.   The  melt  temperature  of  the 
pol^Mier  was  90-100  C.  and  its  Intrinsic  viscosity  was  0.25  dl/g.   The 
infra-red  spsctiu-n  of  the  polymer  was  characterized  by  the  lack  of  the 
strong  1620  cm   peak  frooi  the  C-C  stretch  of  the  vinyl  ether  and  the 
presence  of  a  weak  peak  at  1525  cm   for  the  C=C  stretch  of  the  3 -nitro- 
styrene moiety. 

A.n  attcaipt  to  cross-link  this  poljnrier  by  the  previously  de-«-- 
scribed  method  gav^-  no  significant  amount  of  prenipitate. 


^*  h}'tl£}xtS-   PQ lyme r iz3 1 ion  Studies  of  (2-vinlyoxy)ethoxy- substituted 
f<  •-  n  1 1 r o s  t yrene s 
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1.  Anionic  pol>ni:ieri23tion  q_f  meta-(2-vinyloxy)ethoxy-3- 
nitrostyrene. --   1.95  3.  of  monomer  were  placed  in  a  60  ml.  erlenmeyer 
flask  and  dissolved  in  40  mis.  of  50  percent  THF  in  absolute  ethanol. 
0.08  m.l.  of  sodium  ethoxide  in  ethaaol  solution  (1  mm.ole/ml.)  was  added 
and  the  solution  stirred  at  25  C.  for  24  hrs.   The  precipitated  polymer 
was  centrifuged  and  washed  twice  with  methanol.   The  pol>'mer  was  then 
dried  under  vacuum  for  24  hrs.   1.26  g.  (64  percent  conversion)  of 
v;hite  powdery  polyrTier  were  obtained.   The  product  was  found  to  be  insol- 
uble in  all  common  organic  solvents  tried  but  soluble  in  N  jl\- dime  thy  1- 
aniline  and  hexamethylphosphotriamide  (HMPA).   The  intrinsic  viscosity 
of  the  pol>Tner  in  K-IPA  at  28  C.  was  0.08  dl/g.   The  infra-red  spectrum 
of  the  polymer  indicated  that  the  vinyl  ether  group  was  still  intact 
(absorptions  at  1620  cm   and  1640  cm   ) .   It  was  also  interesting  to 
note  that  on  extended  contact  with  air  at  room  temperature  the  polymer 
became  completely  insoluble  in  all  solvents  tried  including  Ifl-IPA,  appa- 
rently due  to  cross-linking  through  the  pendant  vinyloxy  groups.   The 
infra-red  spectrum  of  the  polymer  showed  that  at  least  some  of  the 
vinvloxy  groups  were  yet  intact  as  indicated  '^y    the  continued  presence 
of  the  1620  cm   and  1643  cm   absorptions. 

2.  Anionic  polymerization  of  para- (2 -vinyloxy) ethoxy-g- 

n i tro s tyr ene . - -   2.35  g.  (10  imnoles)  of  monomer  were  dissolved  in  50 
ml.  of  60  percent  THF  in  absolute  ethanol.   The  polymerization  V7a3 
carried  out  as  described  for  the  meta  isomer.   1.54  g.  (o5.5  percent 
conversion)  of  white  powdery  polymer  were  obtained.   The  intrinsic 
viscosity  of  the  polymer  was  0.07  dl/g.  in  H>n?A  at  23  C.   It  decomposed 

at  235"G. 

The  vinyloxy  groups  wore  once  again  left  intact  as  indicated 
by  infra-red  absorptions  at  1620  cm   and  1540  cm.    A  sample  of  this 
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polymer,  which  had  been  stored  in  non-dried  air  for  an  extended  period, 
was  found  to  be  insoluble  in  Hl'lPA  indicating  some  cross-linking.   Both 
absorptions  were  still  present  in  the  infra-red  indicating  the  presence 
of  some  yet  unreacted  vinyloxy  groups. 

3,   Attempted  anionic  polymerization  of  o rtI'i0-( 2- vinyloxy )- 
ethoxy-3-nitrostyrene. --   This  monomer  did  not  polyinerize  in  the  pres- 
ence of  sodium  ethoxide.   Monomer  was  recovered  almost  quantitatively 
after  an  attempted  polyneriza tion  using  the  above  described  m.ethod. 

^*   Analysis  of  the  Conformation  of  Para- (2-vinyloxy) ethoxy-3-nitro- 
styrene 

1.  Ultra-violet  analysis. --   The  ultra-violet  spectrum  of  the 

para  isomer  in  methylene  chloride  (5  x  10   l-I. )  was  obtained  as  was  the 

-4 
spectruTi  of  the  cationically  initiated  polymer  (1  x  10   M.  expressed 

as  concentration  of  monomer  units).   The  spectrum  could  not  be  taken 

below  230  mjJ  due  to  solvent  absorption.   Both  spectra  appear  in  Figure 

5,  page  65.   The  spectrum  of  the  monomer  included  absorption  maxima  at 

A     =  263  mu  (s  =  9,700)  and  A.    =  300  mu  (e  =12,300).   The  spectra 
max.        '^  max. 

of  the  Dol\mier  included  absorption  maxima  at  X     =  263  mii  (r'  =  5,120) 

'^  max.        ' 

and  A     =  300  mu  (c'  =  5,900)  where  e'    is  defined  in  terms  of  con- 
max. 

centration  of  monomer  units. 

2.  Synthesis  of  para-nitro-(2-vinyloxy)ethoxY  benzene. -- 
10.12  g.  (0.073  mole)  of  para-nitrophenol  were  dissolved  in  100  mis. 
of  absolute  ethanol  in  a  500  ml.  round-bottom  flask.   To  this  solution 
was  added  a  solution  of  9.10  g.  of  35  percent  potassiur.i  hydroxide  dis- 
solved in  100  mis.  of  absolute  ethanol.   Yellow  crystals  formed  immedi- 
ately.  TVie  solvent  was  removed  by  distillation  under  vacuum  with 
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warming.   Any  remaining  water  V7as  removed  as  the  ben^ane-water  azeo- 
trope. 

The  salt  was  then  reacted  with  B-chloroethyl  vinyl  ether  in 
dime thy Ifonnamide  in  the  previously  described  manner.   After  12  hrs. 
of  reaction  time,  the  resulting  mixture  was  chilled  in  an  ice-water 
bath  and  added  to  200  mis.  of  ether  in  a  separatory  funnel.   This  mix- 
ture was  extracted  twice  \7ith  150  ml.  aliquots  of  chilled  2  percent 
aqueous  potassium  hydroxide  and  once  with  200  mis.  of  chilled  deionized 
water.   The  ethereal  layer  was  then  filtered  through  anhydrous  magne- 
siuiTi  sulphate  aid  the  solvent  was  then  removed  by  distillation  under 
vacuum  at  room  temperature.   The  tan  solid  was  then  dissolved  in  a 
minimum  anouit  of  methylene  chloride  in  a  crystallizing  dish  aid  to 
this  vjas  added  _100  mis.  of  absolute  ethanol.   The  methylene  chloride 
was  then  evaporated  off  under  a  stream  of  dry  nitrogen  with  no  wanning. 
This  procedure  yielded  8.72  g.  (64.6  percent  yield)  of  light  tan  crys- 
cals,  m.p.:  73-74  C.   Recrystallization  of  the  product  by  the  same 


m 


ethod  gave  6.47  g.  (75  percent  recovery)  of  v;hite  crystals,  m.p.: 


7  3-74  C.   The  infra-red  and  nmr  spectra  supported  the  proposed  struc- 
ture. 

3.   Infra-red  analysis. --   The  infra-red  spectrum  of  para- 
(2-vinyloxy)ethoxy-3-nitrostyrene  in  methylene  chloride,  as  well  as  in 
a  potassium  bromide  pellet,  was  obtained.   Both  spectra  contained  absorp- 
tions at  1199  cm"   (V  C-0  of  vinyloxy  group),  1620  cm    (v  C-=C  vinyloxy 
group),  1630  cm"   (v  C=C  nitrovinyl  group),  and  a  barely  perceptible 
shoulder  at  1640  cm.    The  shoulder  was  assigned  to  the  vinyloxy  group 
as  well.   This  assignment  v;ss  confirmed  by  obtaining  the  infra-red  spec- 
trum of  para-nitro-(2-vinyloxy)ethoxybenzene.   The  lack  of  the 
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nitrovinyl  absorption  facilitated  the  observation  of  both  the  1620 
and  1640  cni   absorptions  typical  of  vinyl  ethers.   Major  absorptions 
of  these  spectra  as  well  as  that  of  3-chloroethyl  vinyl  ether  appear 
in  Figure  4,  page  61-   This  and  other  data  appear  in  Table  5,  page  62. 

4.   Nuclear  rriognetic  resonance  analysis.  --   The  nmr  spectra 
of  ortho-,  meta-,  and  para-(2-vinyloxy)ethoxy-B-nitrostyrenes,  para- 
nitro-(2-vinyloxy)ethoxyben.^.?jie,  (2-vinyloxy)ethoxybenz;ene,  and  g-chlo- 
roethyl  vinyl  ether  were  obtained  in  deuterated  chloroform.   The  spec- 
tra of  the  vinyloxy  groups  (50  hz.  sweepwidth,  250  sec.  speed)  were 
analyzed  in  detail.   Each  spectrum  was  run  twice  of  more  to  insure 
reproducibility.   Part  of  the  spectruun  of  the  terminal  methylene  group 
was  found  to  overlap  with  the  spectrtxn  of  the  ethyloxy  group  making 
complete  analysis  impossible.   However,  the  low  field  half  of  the  AB 
quartet  assigned  to  H   (trans  to  the  a-proton)  was  not  subject  to 
interference;  hence,  the  geminal  coupling  constant  could  be  obtained 
for  each  vinyloxy  group.  .  These  constants  and  other  data  appear  in 
Table  6a ,  page  63 . 


Studies  o^f  the  Anionic  Poly.r.erization  of  Some 
Mono- substituted  3-nitrostyrenes 


A.   Synthesis  of  Substituted  B-nitrostyrenes 


Fifteen  substituted  3-nitrostyrenes  and  (i-nitrostyrene  were 
synthesized  for  this  study.   Since  the  procedure  for  synthesis  of  these 
compounds  was  the  same  as  that  previously  described  for  ortho(2-vinyl- 
oxy)ethoxy-3-nitrostyrene,  it  will  not  be  described  in  full  here.   How- 
ever, due  to  widely  differing  polarities  of  the  various  compounds,  the 
crude  products  were  recrystallized  using  different  solvent  systems. 
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The  method  of  work-up  will  be  described  for  each  compound  for  this 
reason. 

1.  B-nitrostyrene. --  This  compound  was  prepared  oa  a  0,25 
mole  scale.  The  crude  product  was  recrystallized  twice  from  warm  95 
percent  ethanol  to  give  13.7  g.  (37  percent  overall  yield)  of  yellow 
needle  crystals,  m.p.:  56-57°C.  (lit.   55-57°C.). 

2.  i-teta-methoxy-g-nltrostyrene.  --   This  isomer  was  prepared 
on  a  0,10  mole  scale.   The  crude  product  was  recrystallized  once  from 
warm  ethanol.   The  yield  was  10.29  g.  (57.5  percent  yield)  of  pale 
yellow  plates,  m.p.:  90-92°C.  (lit?^  92°C.). 

^*   Par'^-methoxy-8-nitrostyrene.  --   This  monomer  was  synthe- 
sized on  a  0,10  mole  scale.   The  crude  product  was  recrystallized  from 
hot  95  percent  ethanol.   The  yield  was  13.02  g.  (72.6  percent  yield) 
of  bright  yellow  plates,  m.p.:  85-86. 5°C.  (lit?^  SS'^C). 

^'      Ortho-methoxy-3-nltrostyrene, --   This  styrene  was  also 
prepared  on  a  0,10  mole  scale.   The  crude  product  was  recrystallized 
from  warm  95  percent  ethanol  and  water  giving  10.72  g.  (60.2  percent 
yield)  of  yellow  needles,  m.p.:  47-48°C.  (lit.'  47-48°C.). 

5.   Meta-methyl-3-nitrostyrene. --   This  compound  was  synthe- 
sized on  a  0.208  mole  scale.   The  crude  product  solidified  as  usual  in 
the  last  step  of  the  synthesis  v.'hen  the  reaction  mixture  v.'as  added 
dropwise  to  V7ater,  ice,  and  hydrochloric  acid.   VJater  is  eliT.inated 
from  the  condensation  product  in  this  step.   After  the  solid  yellow 
material  vjas  filtered  and  V7a3hed  with  deionized  water  as  usual,  the  prod- 
uct i/as  found  to  liquify  at  room  temperature.   As  a  result  the  compound 
was  purified  by  vacuum  distillation  to  yield  18.67  g.  (55  percent  yield) 
of  yellow  oil,  b.p.:  80°C.  at  0.15  mi:i  Hg,  (lit?*  133°  at  2.8  mm  Hg) , 

P.  25  =  1  .625. 
'D 
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6.   Pa  ca -methyl- B-nltrostyrene.--   This  compound  was  synthe- 
sized on  a  0.25  mole  scale.   The  crude  product  was  dissolved  in  a  inini- 
mum  amount  of  hot  95  percent  ethanol,  filtered,  and  chilled  to  0.15  C. 
for  24  hrs.   The  yield  was  25.1  g.  (62,5  percent)  of  lovely  yellow 
needles,  m.p.:  101.5-102  C.  (lit.   10k  C).   Subsequent  recrystalliza- 
tion  failed  to  change  the  melting  point. 

^'   Ortho- f luoro- B-nitrostyrene . --   This  compound  \;as  synthe- 
sized by  the  method  of  Thompson  on  a  0.20  mole  scale.   The  crude  pro- 
duct was  recrystallized  from  ethanol  and  water  yielding  15.40  g.  (46 
percent  yield)  of  product,  m.p.:  53-54  C.  (lit.   54  C). 

^'   Meta-f luoro-g-nitrostyrene. --   This  monomer  was  synthe- 
sized on  a  0.035  i.iole  scale.   The  crude  product  was  recrystallized  from 
warm  95  percent  ethanol  by  chilling  to  -15  C.   The  crystalline  product 
v/as  filtered  and  dried  under  vacuum  yieldi.ng  7.19  g.  (50.6  percent 
yield)  of  product,  m.p.:  45.5-46  C.  (lit."^  46-47  C). 

9.   Para-f luoro -B-nitro sty rene. --   This  synthesis  was  carried 
out  on  a  0.20  mole  scale.   The  crude  product  was  recrystallized  from 
a  minimum  ariount  of  warm  95  percent  ethanol.   The  product  was  filtered 

and  dried  under  vacuir.i  at  room  temperature  for  24  hrs.   The  yield  was 

o       54 
15.2  g.  (45  percent)  of  yellow  needles,  m.p.:  100-101  C.  (lit.   100- 

101°C.). 

10.  Or tho-chloro -B-nitrostyrene. --   This  synthesis  was  carried 

out  on  a  0.25  mole  scale.   The  crude  product  was  recrystallized  from 
a  minimum  amount  of  95  percent  ethanol.   The  yield  .vas  26.5  g.  (57.6 

0 1 

percent  yield)  of  long  yellow  needles,  m.p.:  46.5-47.5  C.  (lit.   47^ 
47.5*^0.). 

11.  para-chloro- B-nitrostyrene. --   This  synthesis  was  carried 
cut  on  a  0.10  mole  scale  by  the  previously  described  method.   The  crude 


product  v;as  dissolved  in  203  mis.  of  warm  ethanol,  filtered,  and  to 
this  was  addad  75  mis.  of  deionizad  water.   The  solution  was  then 
chilled  to  -15  C.  for  24  hrs.   The  yield  was  11.5  g.  (62,5  percent 
yield)  of  yellow  needles,  m.p.:  113-114°C,  (lit.^^  113-114°C. ). 

12.  Ortho-bromo-g-nitrostyrene.  --   This  synthr-sis  was  carried 
out  on  a  0.14  mole  scale  by  the  previously  described  modified  Thiele 
reaction.   The  crude  product  was  dissolved  in  125  mis.  of  warm  95 
percent  ethanol,  filtered,  and  chilled  to  -15  C.  for  24  hrs.  yielding 
15.80  g.  (49.5  percent  yield)  of  yellow  needles,  m.p.:  36-86. 5°C.  (lit." 
84°C.). 

13.  Me ta-b romo -g -n i t ro s tyrene . - -   This  synthesis  was  carried 
out  on  a  0.14  mole  scale  by  the  same  method.   The  crude  product  was 
again  dissolved  in  a  minimum  amount  of  hot  95  percent  ethanol  (175  mis.) 
and  chilled  to  -15  C.  for  24  hrs.   The  long  yellox-;  needles  were  filtered 

and  dried  under  vacuum  at  room  temperature  for  24  hrs.   The  yield  was 

o       56 
14.49  g.  (45.4  percent  yield)  of  product,  m.p.:  60-61  C.  (lit.   59- 

60°C.). 

14.  Para-bromo-3-nitrostyrene. --   This  monomer  was  synthe- 
sized on  a  0.134  mole  scale.   The  crude  product  was  dissolved  in  75 
m.ls.  of  T.IU   and  to  this  v;as  added  100  mis.  of  95  percent  ethanol.   The 
resulting  solution  was  chilled  to  -15  C.  for  24  hrs.   The  resulting 
crystals  ^^7ere  filtered  and  dried  under  vacuum  at  room  temperature  for 
24  hrs.   The  yield  u'is  9.93  g.  (32.5  percent  yield)  of  purified  pro- 
duct, m.p,:  148.5-149'^C.  (lit.   175°C.).   Subsequent  recrystallizations 
failed  to  change  the  melting  point.   Due  to  this  discrepancy  in  melting 
points,  the  coi.'ipound  was  analyzed  in  greater  detail. 

The  nmr  spectrum  of  the   compound  was  compirised  of  a  2-proton 
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AB  quartet  for  the  nitrovinyl  group,  xH  =  2.01,  tH   =  2.45  (J 

A  D  X3 

14  hz,);  and  a  4-protoa  A„B^  quartet  for  the  aromatic  protons,  tH  = 

2.37,  tH  =  2.58  (J._  =  9  hz.).   The  infra-red  spectrum  included  strong 
a  Ad 

sharp  absorptions  at  1628  cm    (v  C=C  of  nitrovinyl  group)  and  1580 
era    (v  ^=0  of  aromatic  nucleus). 

Analysis:   Calculated  for  CgH,N02Br,  Mv,;t.  223.03,  percent: 
C,  42.13;  H,  2.65;  N,  6.14;  Br,  35.04.   Found,  percent:   C,  42.40; 
H,  2.53;  N,  6.20;  Br,  35.26. 

15.   Meta-nitro-3-nitro3tyrene. --   This  monoiner  was  synthesized 
on  a  0,25  uiole  scale  by  the  previously  described  method,   Tha  crude 
product  was  dissolved  in  a  minimum  amount  of  warm  95  percent  ethanol, 
filtered,  and  chilled  to  -15'^C.  for  24  hrs.  yielding  13.7  g.  (23,3 
percent  yield)  of  p.-oduct,  m.p.:  121. 5-122. 5'^C.  (lit?^  122-124°C.). 

15.   Para-nitro-g-nitrostyrene. --   This  synthesis  was  carried 
out  on  a  0.10  mole  scale  by  the  previously  described  method.   The  cruda 
product  V7as  dissolved  in  a  minimum  amount  of  acetone,  diluted  with  95 
percent  ethanol,  and  recrystallized  out  vjith  water.   This  method 
yielded  3.7  g.  (19  percent  yield)  of  product,  m.p.:  204-205°C.  (lit? 
199-200°C.). 


B.   Determination  of  the  Rate  of  Propagation  in  the  Anionic  Polymeri- 
zation of  Certain  Meta-  and  Para- substituted  g-nltrostyrenes  and 
•  g-nitrostyrene 


Essentially,  the  same  procedure  was  used  in  the  study  of  each 
monomer  so,  to  avoid  repetition,  the  procedure  will  be  described  only 
once  In  its  entirety.   Variations,  when  deemed  necessary,  will  be  de-- 
scribed. 

■'-•   3-nltrostyreae.  --   10.00  mmole  quantities  (1.490  g.)  of 
the  monomer  were  weighed  out  to  the  nearest  rag.  in  60  ml.  weighing 
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bottles  vhich  had  been  scrupulously  washed,  rinsed  with  acetone,  and 
oven  dried  at  110  C.   Each  sample  was  dissolved  aid  diluted  to  40.0 

mis,  (0.250  M. )  in  a  solvent  mixture  prepared  by  mixing  2  pacts  by 

60 

volume  of  absolute  ethanol  with  1  part  of  purified   THF.   The  solu- 
tions were  then  equipped  with  :nagnetic  stirrers  and  Tif Ion-covered  mag- 
nets and  placed  in  a  thermostatted  (28   ±  0.1  C.)  bath  and  allowed  to 
come  to  thermal  equilibrium.  "  Stirring  spaed  was  maintained  at  a  modi3r- 
ate  rate  to  minimize  conversion  of  m.echanical  energy  to  thermal  energy. 
Using  a  0.25  ml.  tuberculin  syringe,  0.20  ml.  of  sodiuTi  ethoxide/etha- 
nol  (0.103  m.mole/ml.)  was  injected  at  time  t  =  0,  giving  an  initiator 
concentration  of  5.25  x  lO'  M.   At  time  (t),  0.5  ml.  of  1  N.  sulfuric 
acid  in  ethanol  vjas  injected  to  terminate  polymerization.   The  resulting 
precipitated  polymer  was  then  centrifuged  in  carefully  washed  pre- 
weighed  centrifuge  tubes,  washed  once  with  methanol,  recentrifuged, 
and  dried  under  vacuum  (0.025  mm  Hg)  for  12  hrs.  at  room  temperature. 
The  product  was  then  weighed  to  the  nearest  tenth  milligra.-n. 

Polymer  yields  were  plotted  in  terms  of  moles  of  monomer  units/ 
liter  of  solution  converted  to  polymer.   The  slope  of  that  line  gives 

the  observed  rats  of  polymerization  v  ,  expressed  as  moles/liter/sec. 

p 

The  rate  constant,  k  ,  was  then  calculated  using  the  expression  v   = 

k  [Mj [m"]  v;hure  [m"j  is  assumed  to  be  equal  to  initiator  concentration 
P    ■■   ' 

[I]-. 

2-   Meta,g -dinitrostyrena. - -   Due  to  the  limited  sDlubility 
of  this  compound  in  the  chosen  solvent  system,  only  5.00  mjmolc  samples 
(0.370  g.*)  of  the  mono.r.er  wore  polymerized.   In  all  other  respects, 
this  experiment  was  carried  out  in  a  manner  identical  to  that  for 
p-altrostyrenc. 
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3.   Para, g -din Itrostyrene. --   Due  to  the  ralatively  low  polar- 
ity of  this  compound  in  this  solvent  system,  its  solubility  was   quite 
limited.   As  a  result,  5  mmole  samples  of  the  monomer  (0.970  g.)  were 

dissolved  in  140  mis.  of  solvent.   Initial  initiator  concentrations 

-4 
ware  5.25  x  10   M.  as  before. 

Other  monomers  were  polymerized  either  on  3  5.00  mmole  or 

10.03  mmole  scale  depending  upon  the  availability  of  the  monomer  as 

well  as  its  molecular  weight.   The  data  from  these  experiments  is 

tabulated  in  Table  1  and  plotted  in  Figures  9-13,  pajes  78  through  87. 

The  calculated  propagation  rate  constaits  (k  )  appear  in  Table  10, 

page  88. 


C.   Determinating  o_f  the  Rate  o_f  Initiation  o_f  '£}-JO_   P^epresentative 
Monomers ,  Para-methoxy-g-nitrostyrene  and  g-nitrostyrene 


The  rate  of  reaction  of  sodium  ethoxide  with  monomer  was  de- 
termined in  the  following  manner.   A  solution  of  para-meLhoxy-g-nitro- 
styrene  in  the  usual  solvent  system  (33  volume  percent  TlIF  in  absolute 
ethanol)  was  prepared  with  a  concentration  of  3  x  10   M.  and  3,9  mis. 
of  the  solution  were  placed  in  a  thermostatted  (25  i  0.1  C. )  qjartz  cell 
in  the  ultra-violet  spectrophotometer  under  a  N„  purge.   The  reactioii 
was  monitored  by  measuring  the  absorbance  at  the  monomer's  absorption 

maxlraari  at  ^^     =  348  m.p  (£  =  20,603).   At  tiTie  t  =  0,  0.1  ml.  of 
max. 

sodium  ethoxide  in  absolute  ethaiol  (5  x  10   M. )  was  injected  rapidly 

with  a  tuberculin  syringe  (0.25  ml.).   The  resulting  solution,  con- 

-4 
taining  about  a  10-fold  excess  of  initiator  (5  x  10   M. )  was  quickly 

stirred  .^T>.d    ch.i  progress  of  reaction  followed  by  watching  the  steady 

decrease  in  ar-iorbance.   Readings  were  taken  every  10  seconds.   The 
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TABLE  1 


Kinetic  Data  of  Propagation  Reactions 
[NaOEtl  =  5.25  X  lO"^  M. 

Monomer  Run   Monomer  Monomer   Time    Poly.   Percent 

Feed     Cone.     (sec.)   Yield  Conv. 
(g.)      (M.)  (mg.) 


(A.) 

3-nitrostyrene 

1 

1.492 

0.250 

30 

21.5 

1.44 

2 

1.492 

0.250 

60 

42.0 

2.82 

3 

1.491 

0.250 

90 

61.5 

4.12 

4  . 

1.491 

0.250 

120 

75.0 

5.03 

5 

1.490 

0.250 

150 

81.0 

5.44 

6 

1.490 

0.250 

180 

90.0 

6.04 

(B.) 

meta-msthyl-3- 
nitrostyrene 

1 

1.634 

0.250 

30 

10.8 

0.66 

2 

1.630 

0.250 

45 

22.8 

1.40 

3 

1.626 

0.250 

60 

28.4 

1.75 

4 

1.630 

0.250 

75 

37.6 

2.30 

(c.) 

pax"a-methyl-3- 
nitrostyrene 

1 

1.630 

0.250 

33 

15.5 

0.95 

2 

1.632 

0.250 

46 

25.0 

1.53 

3 

1.630 

0.250 

60 

33.0 

2.02 

4 

1.630 

0.250 

75 

46 . 5 

2.84 

(D.) 

u:;ta--maLhoxy-3- 
nitrostyrene 

1 

0.395 

0.125 

30 

14.9 

1.66 

(trial  1) 

2 

0.895 

0.125 

45 

25.7 

2.87 

3 

0.895 

0.125 

60 

38.3 

4.27 

4 

0.895 

0.125 

75 

53.4 

5.95 
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TABLE  1   continued 


Monomer  Run   Monomer  I'lonomer   Time    Poly.   Percent 

Feed     Cone.     (sec.)   Yield  Conv. 
(g.)      (M.)  (mg.) 


(D. 

.) 

meta-inethoxy-P- 
nitrostyrene 

1 

0.895 

0.125 

30 

13.4 

1.50 

(trial   2) 

2 

0.895 

0.125 

45 

24.8 

2.88 

3 

'0.895 

0.125 

60 

38.2 

4,27 

4 

0.895 

0.125 

75 

47.5 

5.30 

(E. 

.) 

para-methoxy-3- 
nitrostyrene 

1 

1.790 

0.250 

30 

7.0 

0.391 

(trial   1) 

2 

1.790 

3.250 

45 

13.5 

0.755 

3 

1.790 

0.250 

60 

19 . 1 

1.05 

4 

1.792 

0.250 

75 

34.2 

1.90 

(Trial    2) 

1 

1.790 

0.250 

30 

9.0 

0.502 

2 

1.790 

3.250 

75 

17.5 

0.978 

3 

1.790 

0.250 

60 

22.1 

1.23 

4 

1.790 

0.250 

90 

31.0 

1.73 

(F. 

) 

p?.ra-f  luoro-3- 
nitrostyrene 

1 

1.670 

0.250 

30 

36.3 

2.18 

2 

1.673 

3.250 

45 

50.2 

3.00 

3 

1.671 

0.253 

60 

63.6 

3.80 

4 

1.670 

0.250 

75 

72.4 

4.33 

(G. 

) 

para-chloro-3- 
nitrustyrene 

1 

0,917 

0,125 

30 

11 

1.20 

2 

0,919 

0.125 

60 

2i 

2.29 

3 

0.918 

0.125 

93 

28 

3.05 

4 

0.916 

0.125 

120 

33 

3.60 

5 

0.91.7 

0.125 

150 

33 

3.60 

6 

0.917 

0.917 

ISO 

35 

3.  82 
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TABLE  1   continued 


Monomer  Run   Monomer  Monomer   Time    Poly.   Percent 

Feed     Cone.     (sec.)   Yield  Conv. 
(g.)      (M.)  (mg.) 


(H. )  Tneta-bromo-3- 

1 

1.140 

0.125 

31 

32.6 

2.86 

nitrostyrene 

2 

1.141 

0.125 

45 

48.6 

4.25 

/ 

3 

1.140 

0.125 

60 

64.2 

5.62 

4 

1.140 

0.125 

90 

73.9 

6.48 

(I.)  para-bromo-3- 

1 

1.140 

0,125 

30 

25.2 

2.24 

nitrostyrene 

2 

1.140 

0.125 

46 

37.6 

3.40 

3 

1.140 

3.125 

60 

47.4 

4.15 

4 

1.141- 

0.125 

75 

56.5 

4.95 

(J.)  mota,g- 

1 

0.970 

0.125 

10 

13.1 

1.35 

dinltrostyrene 
(Trial  1) 

2 

0.970 

0.125 

15 

17.5 

1.81 

3 

0.970 

0.125 

20 

20.0 

2.03 

4 

0.970 

0.125 

30 

24.5 

2.53 

(Trail  2) 

1 

0.970 

0.125 

15 

15.9 

1.64 

2 

0.970 

0.125 

30 

21.9 

2.26 

3 

0.970 

0.125 

45 

29.0 

2.99 

(K.)  para, 3- 

1 

0.970 

0.0357 

30 

10.9 

1.12 

dinii-.rosUyrene 

2 

0.970 

0.0357 

60 

13.3 

1.38 

■3 

0.970 

0.0357 

SO 

IS. 2 

1.87 
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rate  constant  was  detennincd  by  plotting  log  (CD   -  OD  )/[l]  vs.  t 

t  CO 

where  I  is  the  initiator  concentration.    The  slope  of  the  resulting 
plot  is  -k . ,  the  rate  constant  of  initiation.   The  plot  appears  in 
Figure  6,  page  74.   The  rate  constant  thus  determined  was  k.  =  2.86  1. 
mole    sec.    The  rate  constant  of  initiation  for  g-nitrostyrene  was 
carried  out  in  the  same  manner.   The  rate  of  reaction  was  obtained  by 
monitoring  the  absorption  maximum  at  309  my  (e  =  12,000).   This  reaction 
was  also  run  under  N„.   Dae  to  the  lower  e  for  this  monomer,  a  monomer 

concentration  of  5  x  10   M.  was  used.   The  initiator  concentration 

-4 
was  again  5  x  10   M.   Th3  plot  of  data  appears  in  Figure  7,  page  75. 

The  rate  constant  obtained  was  k.  =  3.51  1.  mole    sec. 

1 


D.   Effect  of  Changes  in  Initiator  Concentration  o_n  the  Rate  of  Anionic 
polymerization  of  "-nitrostyrene 

10  mmole  quantities  of  ^-nitrostyrene,  which  had  been  freshly 
prepared  and  recrystallized,  were  weighed  out  into  the  oO  ml.  flasks 
and  diluted  to  43  ml.  with  the  usual  33  percent  THF  in  ethanol. 

Tha  solutions  were  allowed  to  come  to  equilibrium  with  stirring 
in  the  28  C.  bath.   To  each  was  added  a  varied  amount  of  the  initiator 
solution  via  a  0.25  mi.  syringe.   Each  was  allowed  to  polymerize  for 
30  sec.  before  termination.   After  termination  with  0.5  mmole  of 
hydrochloric  acid,  the  pol^Tner  was  centrifuged,  washed  with  methanol, 
and  dried  under  vacuum  and  weighed  to  the  nearest  0.1  mg.   A  plot  of 
this  data  appears  in  Figure  19,  page  90- 
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Vol.  of 
Initiator 

Cone,  of 
Initiator 
M  X  10^ 

0.05 

1.01 

0.10 

2.02 

0.15 

3.03 

0.20 

4.05 

0.25 

5.06 

0.30 

6.07 

TABLE  2 


Kinetic  Data  for  Changing  Initiator  Conceatiration 

Polymer  Percent 

Yield  Conv. 

(rag.) 


3.9  0.26 

8.5  0.57 

12,3  0.82 

16.7  1.12 

21,6  1,45 

29.3  1,97 


E.   Detenninatioa  of  the  Molecular  Waight  Distribution  Curves  of  Seine 
Representative  Monosubstituted  Poly-g-nitrostyrenes 

The  molecular  vjeight  distribution  curves  of  some  of  the  DMF 
soluble  polymers  obtained  during  the  rate  of  propagation  study  were 
determined  by  gel  permeation  chromatographic  (GPC)  analysis.   1  wt. 
percent  solutions  of  the  pol>Tner  (3  mis,)  were  prepared  by  dissolving 
the  finely  ground  pol^-mer  in  DMF  either  at  room  temperature  of  at  110  C, 
depending  upon  the  apparent  solubility.   The  resulting  solutions  were 
filtered  through  mediuin  porosity  sintered  glass  filtering  crucibles 
and  ch=n  chromatographed  o.i  the  GPC.   Two  typical  molecular  weight 
distribution  curves  appear  in  Fig'ires  7  and  3,  pages  75  and  76.   Using 
the  laborious  method  described  in  the  instrument  literature,  the  number 
average  molecular  length,  A  ,  and  weight  average  molecular  length,  A^, 
(both  in  angstroms)  v;ere  calculated.   Using  a  calibration  curve  derived 
troui  polystyrene  standard  samples,  values  for  the  m-cnber  and  w^eight 
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average  molecular  weights  (M  and  M  ,  respectiv^lv)  were  determined. 
Tlie  results  of  these  determinations  are  tabulated  in  Table  5,  page  62. 
It  should  be  noted  that  poly-para-msthoxy-P-nitrostyrene  and  poly-3- 
nitrostyrene  were  found  to  not  dissolve  completely,  even  when  heated 
to  110  C.   Butler   reported  dspolymeriza tion  of  poly-g-nitrostyrene 
under  such  conditions.   Although  depolymerization  wa?.  not  proven  in 
the  present  work,  it  vjas  probably  occurring  in  the  case  of  these  two 
polymers. 

F.   The  Role  a_nd  Mechanism  of  Initiation  and  Termination  in  the  Anionic 
Polymerization  of  I-^e^ta  and  Para,3-dinitrostyrene 

■'■'   Pq l>Tne r iza t ion  of  para  ,B-dinitrostyrene.  --   1.94  g.  of 
monomer  were  dissolved  in  150  mis.  of  33  percent  THF  in  absolute  ethanol 
and  reacted  with  5  mole  percent  sodium  ethoxide.   The  addition  of  ini- 
tiator resulted  in  the  formation  of  a  deep  red  solution  which  slowly 
changed  to  a  very  dark  aaiber  color.   The  polymerization  was  carried 
out  over  a  24-hr.  period.   The  dark  amber  mixture  \.'as  then  acidified 
and  centrifuged.   The  yellow  precipitated  product  was  washed  v;ith 
methanol,  recentrif uged,  and  dried  under  vacuuiTi  at  room  temperature 
yielding  0.10  g.  (5.2  percent  conversion)  of  light  amber  amorphous 

solid,  T  :  295-300  G.  (dec).   Insufficient  yield  was  obtained  for  an 
m 

intrinsic  viscosity  determination. 

The  infra-red  spectruti  of  the  product  included  a  strong  absorp- 
tion at  1350  cm,   conjugated  nitro;  strong  1525  cm,   nitro;  weak  1600 

-1  -1 

cm,   V  C-C  aromatic;  medium  1100  cm,   V  C-0  of  aliphatic  ether.   The 

strong  1635  cm    (v  C-0  of  nitrovinyl)  "as  not  detectai^le  and  there  \jas 
no  indication  of  any  significant  absorption  between  1200  and  1250  cm. 
(V  C-0  of  arcm.atic  ether). 


2.  Pol^TTierizatioa  £f  meta  ,  B-dinitrostyrcne.  --   This  reaction 
was  carried  out  as  described  for  the  para  isomer  except  only  50  mis.  of 
solvent  were  used.   0.430  g.  (22  percent  conversion)  of  a  light  amber 
glass-like  solid  was  obtained,  T  :  290-295°C.  (dec),  [n]  =  0.11  dl/g. 
in  DMSO. 

When  this  polyrnorization  was  carried  out  in  pure  THF,  only 
0.181  g.  (9.3  percent  conversion)  was  obtained,  [n]  =  0.06  dl/g.  in 
DMSO. 

The  infra-red  spectra  of  the  two  products  ware  identical  and 
includi^d  strong  absorptions  at  1375  cm   and  1450  cm,   niiiro  groups; 
medium  at  1550  cm,  V   C=C  aromatic;  weak  at  1100  cm,   V  C-0  aliphatic 
ether  linkage.   Again,  there  was  no  indication  of  an  .aromatic  ether. 

3.  Thfi  reaction  o_f  sodio-malonic  ester  with  para,£-dinitro- 
styrene  and  determinatioa  of  die  structure  of  the  product. --   The 
method  of  Perckalin  and  Sopova   v.-as  used  to  carry  out  this  reaction. 
1.30  g.  of  para-3-dinitrostyrene  (0.0067  mole)  suspended  in  200  mis. 
of  dry  methanol  at  room  teniperature  v;as  added  to  the  reaction  mixture 
of  1.43  g.  (0.00837  mole)  diethyl  malonic  ester,  0.186  g.  of  sodium 
(O.OCSl  mole),  and  15  mis.  of  methanol  at  room  temperature.   The  mono- 
mer quickly  dissolved  forming  a  gradually  darkening  amber  solution. 
The  red  color,  characteristic  of  the  reaction  of  sodium  ethoxide  with 
this  compound,  was  not  present.   The  solution  '..'as  then  heated  to  43  C. 
and  kept  at  this  teaiperature  (±  5  C.)  for  tv.'o  hours.   The  dark  amber 
solution  was  then  chilled  in  ice  water  and  acidified  with  glacial  ace- 
tic acid  (50  -.Is.)  followed  by  addition  of  25  mis.  of  concentrated  hydro- 
chloric acid;   The  product  was  then  extracted  with  ether  and  the  ether 
retaoved  by  distillation. 
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The  product  was  aot  isolated  in  pure  form  although  the  nmr 
spectrum  of  the  crude  product,  which  included  a  4-proton  A  B   quartet 
at  TH^  =  2.70,  THg  =  3.11  (J^  =  g  hz.);  a  2-protoa  doublet  at  T  =  4.93; 
a  2-proton  multiplet  at  T  =  5.5-6.2;  and  a  5-proton  doublet  at  T  =  5.25, 
indicated  a  fair  degree  of  purity. 

This  nmr  spectrum  indicates  that  a  1:1  adduct  was  obtained. 
However,  it  does  not  distinguish  between  carbanion  attack  on  the  a- 
carbon  as  opposed  to  attack  on  the  3-carbon.   Apparently,  trans-esteri- 
fication  occurred  between  the  ethyl  ester  and  solvent  as  indicated  by 
the  mathoxy  singlets. 

The  cru-^e  product  was  placed  in  a  100  ml.  round-bottom  flask 
with  35  mis.  of  concentrated  hydrochloric  acid.   The  resulting  mixture 
was  refluxed  for  24  hrs.   The  mixture  was  then  placed  in  a  separatory 
funnel  while  still  hot  and  the  bottom  layer  was  separated  into  another 
separatory  funnel.   Upon  cooling  to  room  temperature,  0.122  g.  of 
amber  crystalline  solid  (m.p.:  113-119°C.)  formed  on  the  sides  of  the 
separatory  funnel. 

The  aqueous  solution  was  found  to  be  soluble  in  ether  due  to 
Che  high  acid  content.   The  acid  was  then  partially  neutrallized  with 
aqueous  potassium  hydroxide  and  the  product  was  then  extracted  with 
ether.   Distillation  of  the  ether  under  vacuum  yielded  1.09  g.  of  amber 
solid  contaminated  with  an  amber  oil.   The  solid  was  placed  in  a  sin- 
tered glass  filtering  crucible  and  washed  with  benzene.   This  effectively 
removed  the  oil  and  the  resulting  light  amber  powder  was  dried  in  a 
llO^C.  over  for  24  hrs. 

The  nmr  spectrum  (acetone-d&)  of  the  compound,  when  compared 
with  Sadtler  spectrum  number  6595  (phenylsucciuic  acid),  conclusively 


identified  the  structure  of  this  product  as  para-nitrophenylsuccinic 
acid.   The  spectrum  included  a  4-proton  A.,B^  quartet  for  the  aromat 


ic 


protons,  TH,  =  1.75,  TH   =  2.33  (J,^  =  9  hz.);  a  one-proton  ABC  quartet 

for  the  benzylic  proton,  TH.  =  5.70  (J.„  =  9  hz. ,  J.„  =  6  hz.):  and  2 
•^  A  AB  AC 

one-proton  ABC  quartets  for  the  non-equivalent  methylene  protons  IH  = 

B 

6.83.  TH  =  7.33  (J    -  17  hz.). 
C  gem 

The  infra-red  spectrum  (KBr  pellet)  of  the  product  included 
a  broad  absorption  between  3500  aid  2500  cm;   (V  Q-H  of  a  hydrogen 
bonded  carboxyl  group)  strong  absorption  at  1710  cm    (V  C=0);  and  a 
mediu:r.  absorption  at  1600  cm    (v  C=G  aromatic). 

The  melting  point  of  the  compound  (213-218.5  C.)  agreed  wall 

6  3 

v;ith  that  reported    for  para-nitrophenylsuccinic  acid  and  the  spectral 

data  supported  that  assignment. 

The  total  yield  was  1.21  g.  (75  percent  yield). 

4.   Reaction  of  sodio-malonic  ester  with  meta,3-dinitrostyrene 
and  detennination  of  the  structure  of  the  product. --   This  reaction 
was  carried  out  in  an  identical  manner  as  that  previously  described 
for  the  para  isomer.   The  reaction  wi  3  carried  out  using  1.93  g. 
(0.0102  mole)  of  meta,3-dinitrostyrene,  2.0')  g.  of  malonic  ester,  and 
0.284  g.  of  sodium  metal. 

The  nmr  spectrum  of  the  aliphatic  protons  of  the  crude  product 
was  essentially  identical  to  that  of  the  previou:?ly  described  raalonic 
ester  deri\'ative. 

This  crude  product  was  treated  v;ith  concentrated  hydrochloric 
acid  as  before.   0.107  g.  of  light  amber  crystals  (m.p.:  106-109  C.) 
formed  \.'iien  the  aqueous  layer  of  the  reaction  mixture  cooled  to  room 
temperature. 
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Work-up  of  the  remaining  product  yielded  1.839  g.  of  very  light 
amber  powder,  m.p,:  217-219  C. 

The  infra-red  spectruin  of  the  product  included  a  strong  broad 
absorption  at  2400-3-VOO  cm    (v  0-H  hydrogen  bonded);  a  strong  sharp 
absorption  at  1705  cm    (V  C=0) ;  a  strong  absorption  at  1540  era    (V 
nitre  group);  and  a  weak  absorption  at  1580  cm    (v  C=C  aromatic). 

The  nmr  spectrum  of  th'.  aliphatic  protons  was  essentially 
identical  to  that  of  the  corresponding  para-substituted  compound. 

Although  the  melting  point  of  this  compound  was  higher  than 
the  literature  value    of  the  melting  point  of  meta-nitrophenylsucciaic 
acid  (204  C.)j  the  spectral  data  indicates  that  its  structure  is  analo- 
gous to  that  of  para-nitrophenylsuccinic  acid.   The  elemental  analysis 
was  in  close  agreement  with  the  theoretical  values  for  meta-nitrophenyl- 
succinic  acid. 

5 .   The  relative  acidity  of  poly-meta,3-dinitrostyrene. - - 
This  question  was  first  tested  qualitatively   by  dissolving  a  small 
sample  (about  20  mg.)  of  the  polymer  in  about  10  mis,  of  dinethylsul- 
foxiue  (DMSO).   A  couple  of  drops  of  1  M.  sodium,  ethoxide,  when  added 
to  the  very  light  amber  solution,  produced  a  very  dark  amber  solution. 

This  obscrvatirm  prompted  a  spectroscopic  study  of  the  reaction. 

-4 

A  solution  of  polymer  in  DMSO  of  concentration  1.&  x  10 

moles/1,  (in  tenas  of  inonomer  units)  was  prepared.   It  was  found  to  bs 

transparent  from  400-850  my.   Addition  of  sufficient  sodium  ethoxide 

-3 

to  give  a  concentration  of  10   i'-f.  produced  an  absorption  maximum  at 

about  A     =  490  mu,  A  =  0,30. 
max.         ^ 

The  -following  experiment  v;as  carried  out  to  determine  ths 
reactivity  toward  monOiiier  of  this  apparent  new  species  of  aaion  being 
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formed.   A  solution  of  0.H2  g.  of  poly-meLa,3-dinitrostyrene  in  10 

0 

mis.  of  DMSO  (dried  over  4A  molecular  sieves  for  24  hrs.)  was  reacted 
with  0.2  ml.  of  0.5  M.  sodium  ethoxide  in  DMSO  for  12  hrs.  undar  N„. 
0.75  g.  of  para-bromo-B-nitrostyrene,  dissolved  in  10  mis.  of  DMSO,  was 
then  added  to  the  dark  amber  solution. 

A  blank  containing  10  mis.  of  DMSO  and  0.2  ml.  of  the  sodium 
ethoxide  solution  had  been  prepared  and  left  standing  under  N„  for  12 
hrs,   0,75  g.  of  para-bromo-B -nitrostyrene  in  DMSO  was  also  added  to 
the  blaiiC.   At  the  end  of  20  minutes'  reaction  time  with  the  monomer, 
each  reaction  was  terminated  with  1  M.  HCl  in  methanol  and  added  to  100 
mis,  of  vigorously  stirred  methanol.   The  solution  containing  the  poly- 
meta,3-dinitrostyrene  yielded  no  pol^mier.   The  blank  yielded  0.36  g. 
of  poly-para-bromo-.S-ni trostyrene  (43  percent  conversion), 

6,   The  relative  ^cidity  o_f  poly-para  . 3 -dini trostyrene,  --   A 

-4 
solution  of  the  polymer  (1  x  10   M.  in  .nonomer  units)  in  dry  DMSO  was 

prepared.   The  visible  spectrum  of  the  solution  was  free  of  absorption 

-4 

maxima.   To  this  solution  was  added  sodium  ethoxide  (3  x  10   M.). 

The  resulting  amber  solution  gave  an  absorption  at  X     =  433  my, 

A  =  0,15. 

-4 
Another  polymer  solution  (2  x  10   M.  in  monomer  units)  in 

DMSO  was  prepared  containing  1.5  x  10  M.  sodium  ethoxide.  This  solu- 
tion was  allovjed  to  react  for  24  hrs.  to  reach  equilibrium.  A  solution 
of  para-methoxy-3-nitrostyrene  (4  x  10  M. )  in  DMSO  was  also  prepared. 
The  planned  procedure  was  to  mix  the  two  solutions  and  monitor  the  reac- 
tion by  watching  the  348  my  absorption  maximum  of  para-methoxy-6-nitro- 
sLyrene  v.'hich  was  already  known  to  rlisappear  upon  reaction.  The  absor- 
bance  of  the  initial  polyir.er/ initiator  solution  at  343  my  was  A  =  0.40. 
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Another  poly.ner  solution  (2  x  10   1>I,  in  monomer  units)  in 

UMSO  was  prepared  containing  1.5  k  10  M.  sodium  ethoxide.  This  solu- 
tion v;3  3  allowed  to  react  for  24  hrs.  to  reach  equilibrium.  A  solution 
of  para-methoxy-3-nitrostyrene  (4  x  10  M. )  in  DMSO  was  also  prepared. 
The  planned  procedjre  was  to  mix  the  tv7o  solutions  and  monitor  the  reac- 
tion by  v.'atching  the  343  m  absorption  maximum  of  p3ra-methox3''-3-nitro- 
styrene  which  v/as  already  kno'vn  to  disappear  upon  reaction.  The  absor- 
bance  of  the  initial  polymer/initiator  solution  at  348  mp  was  A  =  0,05 
while  that  of  the  initial  monomer  solution  v;as  A  =  0.77.  Equal  amounts 
of  the  tv;o  solutions  were  mixed  and  the  initial  absorbance  of  the  solu- 
tion was  A  =  0.40.  This  did  not  change  over  a  period  of  one  hour.  The 
expected  theoiretical  value  for  no  loaction  would  have  been  0.41. 

^'   X"^^  reaction  bet'j-.'en  mata  ,3-dinitrostyrene  and  sodium 

-4 

ethoxida. -  -   A  solution  of  meta ,3-dinitrostyrene  (6.6  x  10   M. )  was 

prepared  in  DMSO.   Sufficient  1  M.  sodium  ethoxide,  in  absolute  ethanol, 

-3 

was  added  to  tue  solution  to  make  it  4  x  10   II.  in  that  compovind.   The 

res-ilting  bright  green  solution  possessed  an  absorption  maximuim  at 
A     =6  57  iqj,  A  =  0.77. 


ma:- 


When  a  solution  of  ineta,3-dinitrostyrene  in  DMSO  (1  x  10   M.) 


was  reacted  with  a  less  than  equipolar  amount  of  sodium  ethoxide  (1  x 

-4 
10   M. )  the  657  my  peak  was  initially  fairly  strong  but  decreased 

fairly  rapidly  over  a  period  of  3  minutes.   As  it  decreased,  a  new  but 

weaker  absorption  maximu^i:!  appeared  at  about  490  uiy. 

8.   The  reaction  cf^  para,  6-dinitrostyrena  wl th  sodium  ethoxide.  -- 

-3 

A  solution  of  par3,g-dinitrostyrene  (5  x  10   M.)  in  DMSO  containing  an 

_  "^ 
excess  of  sodi'mi  ethoxide  (1.5  x  10  '  II.)  gave  an  absorption  maximLim  at 

A     =  53'-')  m,i,  A  =  0.46.   This  value  did  not  chan.qe  appreciably  over 
max.        ^  c        cc  J 

a  IQ-miiiute  period. 
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T'Jlien  a  solution  of  the  same  monomer  and  same  concentration  was 

-4 
reacted  with  sodium  ethoxide  in  a  less  than  equimolar  quantity  (1  x  10 

M.)j  ^'■^  absorption  maxirriura  xvas  again  observed  at  539  my.   However,  the 
absorbance  steadily  decreased  over  a  one  hour  period.   No  other  absorp- 
tion maximum  could  be  observed  in  the  visible  region.   If  there  was  a 
weak  absorption  at  433  my,  it  was  obscured  by  the  overlappin,^  tail  of  a 
strong  absorption  in  the  ultra-violet  region,  X^^^  ~   293  my. 

Studies  of  Certain  As_p_e_c t_s  of  the  Ortho-effect 

1.   Effect  of  initiator  species  on  polynerization  o_f  £e£ta_in 
monomers.--   Anionic  polymerizations  of  several  o'tho,  meta,  and  para- 
substituted  g-nitrostyrenes  were  carried  out  on  G  mj:iole  scales  with  dif- 
ferent initiators  (3  raole  percent)  to  determine  the  effect  of  the  size 
of  the  initiating  ion  on  the  extent  of  polirnsrization.   Polymerizations 
utilizing  hydroxide  and  ethoxide  as  initiators  were  carried  out  in  30 
•,ils.  of  absolute  ethanol  while  those  utilizing  t-butoxide  were  carried 
out  in  50  mis.  of  absolute  t-butanol.   Unless  otherwise  stated,  all 
polyr.ierisations  were  carried  out  over  24-hour  periods  at  room  tempera- 
ture ■.;ith  magnetic  stirring.   No  attempts  were  made  to  exclude  air  fro.n 
the  reaction  mixtures. 

The  precipitated  polymers  were  filtered  out  in  pre-weighed  sin- 
tered 'lass  filtering  crucibles  (mediuia  porosity),  washed  once  with 
methanol  and  dried  under  vacuum  at  room  temperature  for  24  hrs.   The 
results  are  cabul ateJ  in  Table  3,  page  50, 

2.   DetG-nnination  .of  ^he  rate  of  £oly}ner Lza^ti^a  of  certain 
or  tho_-_su!2_s_t  i  uu  ted  .gin_i^t_ro_3  tY_r  snes .  -  -   The  data  in  Table  3  prompted  a 
quantitative  investigation  of  the  rate  of  polymer i.zation  of  iiifferent 
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TABLE  3 

The  Effect  of  Initiator  Ion  on  Poly.ner  Yiiilds 

3-nitrostyrene  Initiator   Feed       Yield      Percent 

(S-)       (g.)       Conv. 


ortho-eiuoro                NaOH  1.007  0.263  26.1 

NaOEt  1.004  0.264  26.3 

NaOtBu  1.006  0.216  21.5 

NaOEt*  1.004  0.092  9.16 


meta-fluoro                 NaQH  1.002  0.803  80.1 

NaOEt  1.031  0.752  75.2 

NaOtBu.  1.003  0,837  83.7 

Na)Et*  1.010  0.424  42.0 


para-fluoro  NaOH  1.002  0.913  90.1 

NaOEt  1.001  0.905  90.5 

NaOtBu  1.013  0.903  89.7 

NaOEt*  1.002 


ortho-methoxy  NaOH        1.072      0.000      0.0 

NaOEt       1.074      0.030      0.0 
NaOtBu      1.074      0.003      0.7  5 


raeta-methoxy  NaOH        1.079      1.016      94.0 

NaOEt       1.074      1.003      95.8 
NaOtBu      1.074      0.C72      81,0 
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-Polymerization  tiine  1  hr.  ,  all  oth.^rs  24  hrs. 
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TABLE    3   cop.tinued 


^-nitrostyrene  Initiator        Feed  Yield 

(g.)  (g.) 


para-mathoxy  NaOH        1.074      1.07.9 

NaOEt       1.074      1.018 
NaOtBu      1.074      0.893 


ortho-(2-vinyloxy)ethoxy     NaOH        1.413      0,039 

NaOEt       1.418      0.010 
NaOtEu      1.411      0.025 


Percent 

Coav. 

95.6 

94.8 

83.5 

0.70 

0.71 

1.77 
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oi-tho-substituted  e-nitrostyrenes.   In  ad.Ution  to  the  ortho-fluoro  com- 
pound, ortho-chlo.-o  and  ortho-brocno-B-nitrostyrene  vere  also  synthesized. 
These  experiments  were  carried  oat  usins  the  sa-.ne  general  procedure  as 
was  used  in  the  kinetic  study  of  the  meta  and  para-substituted  compounds. 

A  stock  solution  of  initiator  was  prepared  by  dissolving  2.3  g. 
of  metallic  sodium  in  100  jils.  of  absolute  ethanol  in  a  250  .nl.  erlen- 
meyer  flask  covered  with  a  septum.   The  septu.Ti  was  vented  with  a  syringe 
needle  and  purged  with  dried  nitrogen  during  and  after  the  reaction. 
The  initiator  solution  was  then  standardized  against  potass  Luth  acid 
phthalate  (concentration  thus  obtained  =  1.05  M. ) . 

Because  of  the  expected  slovmess  of  these  polymerizations,  two 
mole  percent  initiator  was  used.   10  minole  quantities  of  monomer  were 
dissolved  in  33  percent  TKF  (by  volume)  in  absolute  ethanol  and  diluted 
to  AO.O  mis.  (0.250  M. ) .   At  time  t  =  0,  0.20  ml.  of  the  stock  initiator 
solution  was  injected  into  each  monomer  solution  and  the  polymerization 
then  terminated  at  time  t  by  acidification.   The  results  appear  in 
Table  4.   A  plot  of  polymer  yield  [p]  expressed  in  terms  of  moles  of 
monomer  units  per  liter  versus  time  appears  in  Figure  25,  page  104. 

TABLE  4 


Feed 
(g.) 


1.670 
1.670 
1.571 
1.C71 


Kinetic  Data  of  the  Anionic  Polymerization  of 
Or  tho - f 1 uo  ro - 3-ni  tro  3  tyr ene 


Pol^-merization 
Tim.e  (sec.) 


83 
100 

65 
120 


Polymer 
Yield  (mg.) 


34.6 
41.5 
26,3 
49.4 


Pi 

src? 

■nt 

Conv. 

2, 

.07 

2, 

.48 

1, 

.58 

2. 

,96 
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^-      Hl£  reaction  of  or tho- substituted  g -nitrostyrenes  with 
excess  sodiu.Ti  ethcxide.--   These  qualitative  experiments  were  carried 
out  in  an  effort  to  determine  whether  the  ortho-effect,  as  manifested 
in  the  previous  experiments,  is  the  primary  result  of  an  inhibition  of 
initiation  or  propagation  or  both. 

A  solution  of  3  mmoles  of  each  of  the  follov.'ing  coTipounds  was 
prepared  in  8  mis.  of  33  psrc-ent  THF  in  ethanol;  ortho-f luoro,  ortho- 
chloro,  ortho-bro.Tio,  ortho-methoxy,  and  ortho -(2-vinyloxy)ethoxy-B - 
nitrostyrene.   The  n.mr  spectrum  of  each  solution  vjas  recorded  with 
special  attention  devoted  to  the  nitrovinyl  proton-aromatic  proton 
region.   5  mis.  of  the  1,05  M.  sodiu:n  ethoxide  solution  were  then  injected 
rapidly  into  the  monomer  solutions.   The  nmr  spectrum  of  the  resulting 
solution  was  than  taken  as  rapidly  as  possible  (approximately  30  sec. 
after  injection).   These  spectra  appear  in  Figures  25  through  30.   It 
can  be  readily  seen  in  each  spectrum  that  the  AB  quartet  (nitrovinyl 
protons)  is  not  detectable  after  30  seconds. 
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Instruments  Used 

A  Beckman  DK-2A  double-bea-n  recording  spectrophotometer  was 
used  to  obtain  all  ultra-violet  and  visible  spectra. 

Beckman  IR-8  and  IR-10  Infra-red  spectrophotOiTeters  were  used 
to  obtain  all  infra-red  spectra. 

A  Varian  A-60  nmr  spectrometer  was  used  to  obtain  all  nmr  spec- 
tra and  unless  other-.v'ise  indicated,  all  spectra  were  obtained  using 
deuterated  chloroform  (C!>31_)  as  the  solvent. 

A  Waters  GPG  300  gel  permeation  chromatograph  was  used  vjith 
calibrated  polystyrene  gel  columns  to  obtain  all  molecular  weight 
distribution  data. 

A  Thomas  Hoover  Capillary  Melting  Point  Apparatus  was  used  to 
obtain  the  melting  points  of  all  monomeric  compounds  and  the  melting 
points  reported  are  uncorrected. 

A  Fisher  Johns  melting  point  apparatus  was  used  to  obtain  the 
melting  points  of  all  polymeric  materials. 

A  Vacuum/Atmospheres  Corporation  Dri-Lab  was  used  for  all 
inert  afuc^phire  work. 


55 


Source  and  Methods  o£  Pui-jf Ication  o_f  Reagents 

Ortho,  meta,  and  para-f luoro-banzaldahydes  (reagent)  were 
obtainad  froin  PCR  aad  used  without  further  purification. 

Ortho-chloro-ben':aldehyda  (reagent)  was  obtained  frooi  Fisher 
and  used  without  purification. 

Para-chloro-ban'-ialdehyde  (reagent)  was  obtained  from  Aldrich 
and  used  without  further  purification, 

Ortho,  meta,  and  para-bromo-benzaldehydes  (reagent)  wers 
obtained  from  PCR  and  used  without  further  purification. 

Ortho,  meta,  and  paca-a lisaldchydes  (practical)  were  obtained 
from  Aldrich  and  used  v.'ithout  further  purification. 

Me ta-tolualdehyde  (practical)  was  obtained  from  Aldrich  aid 
used  without  further  purification. 

Para-tolualdehyde  (practical)  vv'^i  obtained  from  Fisher  and 
used  without  further  purification. 

Para-nitro-ban^aldehyda  (practical)  was  obtained  from  Fisher 
and  recrystailized  from  ethanol  and  water. 

Meta-nitro- 3-iiitrostyrene  (practical)  was  obtained  from  Aldrich 
and  recrystallixed  from  ethanol  and  water. 

Benzaldehyde  (practical)  was  obtained  from  Fisher  and  used 
without  purification. 

Salicylaldehyde  (practical)  was  obtained  from  Fisher  and  used 
\7ithout  purification. 

Para-hydroxy-ben.^aldehyda  (practical)  was  obtained  from  Fisher 
and  used  directly. 

Meta-hydroxy-ben?.aldahyd3  (practical)  was  obtained  from  Aldrich 
and  usad  without  furth?r  purification. 
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Pa-ra-nitro-phenol  (practical)  was  obtained  from  Fisher  and 
used  without  purification. 

3-chloroethyl  vinyl  ether  (practical)  was  obtained  from  Fisher 
and  purified  by  distillation  under  vacu'ain. 


CMPTER  III 
PESQI.TS  AND  DISCUSSION 

.§Z'l£he_s_is_  and  Che^istrv  o_f  Ortho,  Meta_,  and 
Para-(2-vinyloxy)ethoxy-B-nlt  ro  3  tyre  11.33 

A.   Preparation  of  the  Monomers 

1.  Synthesis  of  orthq  and  2££S_lX2lvitiy_lox;^)etho;£V-S-nitro- 
styrenes.  --   The  method  of  Tnorapson  was  modified  by  lowering  the  reac- 
tion  temperature  of  the  Thiele  reaction  to  -5  C.  v.'ith  an  ice-methanol 
bath.   This  may  or  may  not  have  been  a  significant  iir:proveir.c-nt.   The 
new  method  of  work-up  of  the  crude  products,  dav.^loped  darin'j  this 
study,  is  a  definite  improvement  and  has  resulted  in  higiier  yields  of 
purified  product  and  significantly  less  decomposition.   This  new  methiod 
consists  of  recrystallization  of  tlie  products  from  methylene  chloride- 
eth.anol  at  or  below  room  temperature. 

2.  S3'n^t_h?_s_is_  o_f  meta-  (2-vinyloxy)eth.oxy-3-nItrostyre'i.e.  -- 
This  compound  was  succeosf;jlly  synthesized,  isolated,  and  cliaracterized. 
The  coaipound  v.'as  successfully  obtained  by  varying  only  the  method  of 
recrystallizatio.i  of  the  crude  product.   Due  to  the  apparently  Viigh 
reactivity  of  the  vinyloxy  group  on  this  compound,  it  cannot  be  recrys 

tallized  from  a  warm  protic  solvent.   The  desired  compound  was  recrys 
talJi.'^ed  from  carbon  tetrachloride  below  room  temj^erature  to  give  a 
90  percent  yield. 
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B.   Cajzionic  j^olyiiier iza t ions  of  Ortho,  Meta,  and  Para- (2-vinyloxy)ethoxy- 
p-nitrostyrens 


All  monomers  \:ll3    fcr.nd  to  polymerize  in  the  presence  of  BF_ 
in  a  dry  solvent  under  nitrogen  at  -78  C.   The  polymers  obtained  were 
yelloy  amorphous  solids  and  were  linear  polymers  as  indicated  by  their 
solubility  in  'methylene  chloride.   The  pol^miers  were  found  to  be  only 
sparingly  soluble  in  acetone  and  insoluble  in  all  solvents  tested  that 
were  less  polar  than  acetone. 

The  infra-red  spectra  of  the  polymers  lacked  the  1620  and  1640 
cm  absorptions  typical  of  the  monomers  while  the  absorptions  assigned 
to  the  nitrovinyl  moeity  (1625-16A0  cm   )  were  still  present. 

The  apparent  success  of  these  selective  catiiDnic  polymerizations 
of  the  electron-rich  pendant  vinyloxy  groups  '.could  seem  to  indicate  that 
such  selective  cationic  polymerizations  should  be  general  in  applica- 
tion.  The  obvious  requirement  of  such  a  system  is  that  the  electron- 
poor  moeity  be  unreactive  toward  carbonium  ions. 

The  polymers  of  the  meta  and  para  isomers  cross-linked  in  methy- 
lene chloride  wpori   reaction  with  sodium  ethoxids  to  give  quantitative 
yields  of  insoluble  amorphous  resins.   The  infra-red  spectrum  of  the 
cross-linked  polymer  of  the  para  isomer  gave  no  detectable  nitrovinyl 
absorption  while  the  corresponding  meta  isomer  seemed  to  have  some 
pendant  nitrovinyl  groups  still  intact. 

'-'•   ^^'^--^ip.  Polymerizations  £f  Ort_!io,  Nt-'taiJ  and  Para  -  ( 2- vinyloxy )  e  thoxy- 
p-n  itroatyr  eja  c 

The  ortho  isoiaer  gave  no  ethasiol  insoluble  product  and  recovery 
of  monomer  was  almost  quantitncive.   Ibii:  observation  was  expected  in 

-IT  7 

view  of  the  "ortho-effect"  reported  by  Nash   and  Drueke. 
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The  mata  and  paca    isomers  both  gave  high  conversions  to  ethanol 
insoluble  product.   The  resulting  polymers  v;ere  vjhite  po^'ders  \;ho3e 
infra-red  spectra  indicated  that  the  vinyloxy  groups  were  yet  intact  as 
indicated  by  the  1620  and  1640  cm   absorptions. 

The  polymers  v;ere  found  to  for:a  amber  solutions  in  hexamethyl- 
phosphotriamide  (HMPA)  and  N.N-dimethylaniline,  thus  facilitating  the 
determination  of  intrinsic  viscosities  and  purification  by  reprecipita- 
tion.   Unfortunately,  these  solvents  deactivate  cationic  initiators  and 
thus  are  unsuitable  solvents  for  cross-linking  polymerizations  with 
Lewis  acids.   This  solubility  is  probably  the  result  of  an  interaction 
bet'vv'een  the  non-''^ond3d  electrons  on  nitrogen  (solvent)  and  the  electron 
deficient  nitro  group  (poly'-mer).   The  exact  nature  of  this  interaction 
is  not  presently  understood. 


D.   The  Possible  Existence  of  an  T^ntr£mo_le_cula_r  i'lt_e_ra_cti^on  and  Six-_ 
membered  Rin_f^  Formation  hy   Para  -  (_2-vinyloxy)  e  thoxy-  g-nitros  ty  re_ne_ 

The  infra-red  spectrum  of  this  compound  was  examined  in  detail, 
both  in  the  solution  phase  (r,n^Cl„)  and  the  solid  phase  (Kujol  mull  and 
KBr  pellet).   In  all  cases,  its  spectrum  included  a  strong  absorption 
at  L529  cm   and  a  barely  perceptible  shoulder  at  1640  cm   for  tha 
vinyloxy  grnnp.   Tha  1640  cm   absorption  was  almost  undetectable  due 
to  the  strong  broad  1630  c.n        ab.:;orption  due  to  the  nltrovinyl  moeity. 
The  validity  of  the  1630  cm   assignment  was  demonstrated  by  comparison 
with  i;he  spectrum,  of  pa ra-mc thoxy-  -nitrostyrene. 

In  order  to  demonstrate  the  validity  of  the  1640  cm   shoulder 
assignment,  para-niLro -(2 -vinylnxy)ethox3-b'en2ene  was  synthesized.   This 
compound  is  electronically  similar  to  the  compound  in  question  and  if 
the  ring-form  exists  in  t'oe    3-nicrostyrene,  it  should  also  exist  in  this 
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compound.   The  infra-red  pppctrum  of  this  conpound  contains  a  Tiedium 
absorption  at  16-V3  cm.    The  spectrun  of  each  compound  is  shovi  in  Figur 
^,    pa^e  61,  and  pertinent  infra-red  data  of  these  aid  other  coaipounds 
appeargin  Table  5,  page  62. 

Assuming  that  the  postulate  of  Brey  and  Tarrant}^  which  states 
that  these  two  absorptions  are  due  to  the  two  rotational  isomers  of  the 
vinyloxy  group,  is  valid,  then  the  infra-red  data  obtained  in  this  study 
indicates  that  the  ring-form  is  not  the  sole  existing  form  of  the  mole- 
cule. 

During  the  course  of  this  study,  the   H  mnr  spectra  of  the 
three  vinyloxyethoxy-3-nitro3tyrenes,  para-nitro-vinyloxyethoxybenzene, 
(2-vinyloxy)ethoxyben2ene,  aid  3-chloro-ethyl  vinyl  ether  were  examined 
in  detail.   The_  spectra  of  the  vinyloxy  groups,  in  particular,  were  of 
interest.   The  geminal  coupling  coastaits  (J,o)j  the  cis  coupling  cons- 
tants (J^^,),  and  the  trans  coupling  constants  (J  ^),  and  the  chemical 
shifts  of  the   -prototis  (  H  )  were  obtained.   See  Table  Ga,  page  63. 

The  gemr.nal  coupling  constant  of  para-(2-vinylGxy)ethoxy-3- 

nitrostyrene  (J^^  =  -2.2  \xz.)    is  less  than  that  of  (2-vinyloxy)ethoxy- 

benzene  (J^^  =  -2.0  hz.)'and  eqjal  to  that  of  meta-(2-vinylo;:y)ethoxy- 

3-ni;-rostyrene  (J^^  -  -2,2  h/..).   This  indicates  that  the  degree  of 

resonance  (or  extent  of  mesomeric  contribution)  existing  in  the  para 

isomer  is  approximately  equal  to  that  of  the  meta  isomer  and  signifi-  ' 

cantly  loss  than  that  in  (2->.'inyloxy)ethoxybenzena. 

The  .cis  coupling  constant  for  the  para  isomer  (J   =  7.6  hz.) 

AC 

was  higher  than  both  the  meta  isomer  (6.9  hz.)  and  the  ortho  isomer 
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TABLE  5 

Pertinent  Infra-red  Data  of  Monomers,  PoljTners  and  Related  Compounds 

CoTnpo-und  C=C         C=C  C=C 

nitrovinyl    vinyloxy      aromatic 

(cm   ) (cm   ) (cm   ) 

1.  ort'no-(2-vinyloxy)et'ioxy 

-3-nitrostyrene  1625    1620,  1640        1595 

2.  meta- (2-vinyloxy)ethoxy  .^  _^ 

-S-nitvostyrene  16A0"    1620,  1640"    1601,  1610 


para- (2-vinyloxy)ethoxy 


■k'k 


-3-nitrostyrene  1630    1620,  1640        1603 

4.  or tho-methoxy- 

3-nitrostyrene  1625  1595 

5.  meta-methoxy- 

3-nitrostyre.-.e  1640  1595,    1605 

6.  para-methoxy- 

E-nitrostyreae  1623  1600  , 

7.  para-nitro- (2-vinyloxy) 

etho.:yben;:ene  1620,  1640     1595,  1610 

8.  niLaber    1    cationically 

polymerLzed  1625  1593 

9.  nur.iber  2  cationically 

polw.erized  1640  1602 

10.  nmaber  3  cationically 

polyiaerized  1630  1603 

11.  number  2  anionically 

polymerized    '  1620,  1640     1560,  1600 

12.  auTnber    3    -:nionically 

pc-l>T;i.ii-ized  1620,  1640     1560,  1600 

13.  number  9  cross-linked  1608 

14.  number  10  cro3S-linked  1640  (weak)       1600 


overlapping  absorption 
»*  ■ 
shoulder 
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TABLE  6a 

Nuclear  Magnetic  Resona-nce  Data  from  Soine  Vinyloxy  Compojiids 

(CDCl^,  60  Mc./sec.) 

R-0"^  ^-H 
Compound  xHc      -^AC^^^^'^     ^BC^^^^''^  "^AB*-^^'^ 

(cis)       (trans)    (gem) 


o r the-  (  2 - vinylo:cy) e  tho;cy- 

3-nitro3tyrene  3.42     6.9         14.0        -2,4 

me ta-( 2- vinyloxy) ethoxy- 

3-nitrostytene  3.46     6.9         14.2        -2.2 

para- (2- vinyloxy )ethoxy- 

B«itrostyrene  3.43     7.0         14.3        -2.2 

pa ra-nitro- (2- vinyloxy) - 
ethoxybenzene 

(2-vinyloxy)eLhoxybenzene 

3-cbloroetliyl  vinyl  ethi3r 


3.42 

6.9 

14.2 

-2.4 

3.53 

6.9 

14.0 

-2.0 

3.55 

7.0 

14.2 

-2.3 

TABLE  6b 
Nuclear  Magnetic  Resonance  Data  from  Some  Vinyl  EtherS" 

R  THc       '^AC^'''^*-*     ^BC'^^^'^''^     "^AB^"''"^'^ 


t-butyl 

3.72 

5.2 

13.2 

-0.1 

i -propyl 

3.75 

6.9 

13.7 

-1.2 

cyclohexyl 

3.87 

5.7 

14.7 

-1.6 

2-ethylbexyL 

3.60 

6.1 

12.9 

-1.8 

i-butyl 

3.55 

6.3 

14.2 

-1.7 

n-butyl 

3.47 

6.9 

14.4 

-1.3 

ethyl 

3.55 

6.9 

14.9 

-1.7 

methyl 

3.62 

6.6 

14.4 

-2.2 

^ - en lo roe thy i 

3.50 

6.6 

16.2 

-2.7 

1    33 
--Data  of  Feeney  ana  covorkers 

(Neat,  40  Mc./sec.) 
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(6.9  hz.)  and  equal  to  that  of  th.3  corresponding  para -substituted-nitro 
benzene  (7.0  h/-:.).   A  sinilar  trend  was  noted  in  the  trans  coupling 
constants.   The  trans  coupling  constant  for  para-(2-vinyloxy)ethoxy-S - 
nitrostyrene  (J^-  -   14.3  hz.)  was  the  highest  obtained  for  any  of  the 
six  compounds  studied. 

The  chemical  shift  of  the  a-proton  of  the  para  isomer  (x  = 
3.43)  was  quite  similar  to  that  of  the  corresponding  nitrobenzene  (x  = 
3.42)  as  well  as  that  of  the  ortho  isomer  (T  =  3.42).   At  the  sa:r.e  tine 
it  was  significantly  do'.-.nf ield  from  the  corresponding  signal  of  the  meta 
isomer  (x  -  3.46),  vinyloxyethoxybenzene  ( T-  =  3.53),  and  3-chloroethyl 
vinyl  ether  (T  =  3.55). 

These  trends  indicate  that  any  possible  contribution  of  the 
ring  conformation  does  not  signif ica  itly  affect  the  over-all  degree  of. 
resonance  present.   It  also  appears  that  the  degree  of  oxoniu.n  character 
present  in  the  phenolic  oxygen  in  both  the  ortho  and  para  isomers  does 
influence  the  degree  of  resonance  via  an  indj.ctive  effect  through  the 
two  carbon  saturated  bridge.   This  would  also  explain  why  the  vinyloxy 
groups  of  the  orl;bo  and  para  isomers  are  so  much  less  reactive  toward 
electrophilic  attack  (as  evidenced  by  their  stability  in  warm  ethanol) 
than  the  neta  isomer. 

The  ultra-violet  spectru.Ti  of  the  cationicaily  initiated  polymer 
of  the  para  iscaer  was  found  to  be  quite  similar  to  that  of  the  parent 
corpounJ  (see  Figure  5,  page  55).   The  absorption  naxima  v.'ere  at  identi- 
cal wavelengths  and  only  tlie  -molar  absorption  coefficients  varied.   This 
agreed  well  with  the  results  of  Thompson  who  compared  the  spoctrura  of 
the  para  LsOiaer  with  the  corcespcnding  para-(2-ethyloxy)ethoxy~B-nitro- 
styrene.   These  results  again  give  r\o    indication  of  any  intrajr.olecular 
interaction  i-,  the  vinyloxy  compound. 
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The  results  of  these  studies  prompted  the  aathor  to  ■pxdin-.ne 
more  closoly  soma  or  the  results  aid  conclusions  reported  by  Thompson. 
Thompson  has  pointed  out  that  the  inductive  effect  across  a  saturated 
two-carbon  bridge  is  much  less  than  across  a  one-carbon  bridge.   It 
should  be  pointed  out  that  the  difference  in  pKa  betv;een  acetic  acid 
and  6-chloropropionic  acid  (0.80)  means  that  the  Ka  of  the  latter  acid 
is  6.3  times  greater.   In  addition,  the  Ka  of  the  latter  acid  is  7.6 
times  larger  than  that  of  propionic  acid. 

Perhaps  a  more  pertinent  comparison,  for  the  purpose  of  gaining 
some  insight  into  the  sensitivity  of  the  vinyloxy  group  to  inductive 
effects,  can  be  made  by  exa.iiniig  the  rates  of  acid  catalyzed  hydration 
of  certain  vinyl  ethers  as  both  reactions  involve  a  ra te-detez-mining 
attack  by  an  electrophile  to  produce  analogous  carboniurn  ions.   Jones 

Q 

aid  Wood   have  reported  that  the  rate  of  hydrolysis  of  ethyl  vinyl  ether 

-2        -1    -1 

is  5.3  X  10    L.  mole    s2c.   while  that  of  0-chloroethyl  vinyl  ether 

-2        -1    -1 

is  0.4't  X  10    1.  mole    sec.  .   This  data  indicates  that  vinyl  ethers 

are  quite  sensitive  to  inductive  effects,  even  when  such  effects  laust 
be  transmitted  across  a  saturated  t.-'o-carbon  bridi^e. 

This  author  considers  the  dipole  moment  data  determined  by 
Thompson  as  evidence  against  the  proposed  ring-for:n.   The  rea3oning 
behind  thic  statement  may  best  be  explained  by  considering  pa ra -(2-vinyl- 
oxy)etho;:y-3-nitrostyre'ie  as  a  di-sr.bstituted  ethylene  glycol.   One  mav 
thus  consider  the  dipola  momeat  of  the  compound  to  be  the  resultant 
of  the  two  vectors  which  in  turn  represent  the  "group  moments"  of  the 
two  "£■. lb s t i tuen ts" . 
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If  the  vinyloxy  group  is  not  involved  in  a  rinj-fonn,  then 
its  time-averatje  resultaTt  position  in  space  v;oa1_d  require  that  the 
angle  between  the  tv:3  group  moiTients  be  greater  than  90,  assuraiig  extre^nely 
hin.Jerr-d  rotation  between  the  phenyl  oxygen,  and  about  180  ass'nning 
free  rotation  about  that  bond. 

On  the  other  hand,  one  vonld  expect  the  angle  between  the  two 
group  mo  aents  to  be  quite  s;nall  if  one  a3Si.raes  the  ring-fo'-rn.   Thus, 
froin  a  qualitative  stand  point,  the  resultant  dipole  uiccient  of  the  ring- 
form  --jould  be  expected  to  be  greater  than  that  of  the  corrospondiig 
ethylo:cy  covipound  v^liile  one  ..vould  expect  the  linear -for  ii  to  have  a 
dipoli  moment  lass  than  the  ethylcxy  conpound.   The  dipole  aoraent  of  the 
ethyloxy  cor.ipound  is  greater  by  0.71  D. 

In  conclusion,  the  data  obtained  to  date  indicates  that  the 
postulated  ring-form,  if  existent,  is  not  the  sole  existing  forvn  of  the 
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mol2Cul3.   The  data,  however,  does  not  rule  out  an  equillbL-iun  oat-.^ieea 
the  li.aeaL--i:or:i  and  ring-forn.   However,  it  would  appear  that  the  indue 
tive  effect  of  the  partial  oxoniuun,  through  the  saturated  two  ca\:hon 
bridge,  exerts  the  predoiTiinant  effect  on  the  physical  aid  spectral 
properties  of  the  molecule. 


Studies  o_f  the  Anionic  Pol^mie r iz^a t_ion  o_f  Some 
Other  Mono -substituted  g -nitrostyrenes 

A.   Synthesis  of  Cc^noounds 


Fifteen  substituted  S-nitrostyrenes  and  g-nitrostyrene  were 
synth2sized  for  this  study,  all  of  which  had  been  previously  described 
in  the  literature.   All  compounds  were  synthesii^ed  by  the  methods  of 
Thompson,  however,  rather  than  the  various  m.;thods  described  for  the 
known  conpounds.   For  this  reason  the  results  of  all  syntheses  were 
described.   In  general  the  yields  of  purified  monomer  were  poor,  not 
because  of  the  in.ithod  of  synthesis  but  because  of  the  method  of  recrjs- 
tallization  which  nearly  always  involved  hot  or  v./ann  ethanol.   In  most 
cases,  the  process  of  dissolving  the  crude  product  in  hot  ethanol  was 
accompp.nied  by  an  undesirable  side  reaction  which  reduced  some  product 
to  an  amorphous  white  solid  (probably  polymer). 

It  is  unfortunate  that  the  technique  of  recrystallizaticn  from 
methylene  chloride  and  ethano]  at  room  temperature  (as  described  in  the 
synthesis  of  ortho- (2-vinylc::y)eth3xy- B-nitrostyrene)  had  not  yet  been 
discovered.   It  is  very  likely  that  this  technique  would  have  resulted 
in  much  liigher  yields  of  purified  monomer,  particularly  in  the  case  of 
the  more  polar  compounds. 


69 


B.   K initio  Study  of  the  Polymerization  Rates 

The  method  (gravimetric)  used  to  detennlne  the  rates  is  less 
than  ideal.   The  major  diadvantage  is  that  rates  of  poljmierization  are 
determined  from  precipitated  product  and  the  accuracy  of  the  determina- 
tion obviously  relies  heavily  upon  an  essentially  quantitative  precipi- 
tation of  the  product.   Furthermore,  when  the  percent  conversions  are 
very  low,  a  very  small  amount  of  polymer  left  in  solution  can  be  very 
significant.   Most  of  the  polymers  obtained  during  this  study  v;ere 
essentially  insoluble  in  all  comnon  organic  solvents  tested  except  DMF. 
Of  course,  pol^-mer  solubility  is  dependent  on  molecular  weight.   The 
solubility  of  lower  molecular  weight  polymers  is  always  greater.   The 
molecular  weight  distribution  curves  of  polymer  samples  obtained  during 
this  study  indicate  that  molecular  weights  are  extremely  uniform  as 
indicated  by  the  low  values  for  M  /M  obtained  (see  Table  7  on  page  70. 
A  notable  exception  to  this  was  poly-meta, 6-dinitrostyrene.   Low  ratios 

of  M  /M  and  narrow  molecular  vjeignt  distributions  are  typical  for  anionic 
w  n 

polymerizations  in  aprotic  media  where  chain  transfer  and  termination 
are  not  occurring. 

The  elemental  analyses  of  the  polymers  obtained  during  this 
study  appear  in  Table  8,  page  71,  and  the  melt  temperatures  in  Table  9, 
page  72.   The  polym.ers  evidenced  unexpected  thermal  stability.   The 
other  assumptions  incorporated  in  the  kinetic  treatment  well  be  dis- 
cussed individually. 

^-'      Iht  L^^^  2.^  i'^^tiiLiSS.  i§.  L^S.   rela_tive_  t£  E£Op €S.^.ri£3.- " " 
Tv.'o  fairly  representative  monomers,  para -methoxy- p-nitrostyrene  and 
g-nitroptyrene,  were  quantitatively  investigated  in  this  respect.   Para- 
methoxy-g-nitro^.tyrone  in  particular  was  studied  because  it  apparently 
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TABLE   9 

Thermal   Behavior   of   Poly-substituted- 3-nitro5tyrenes 

Substituent  Discoloration   of  Melt   Temperature 

Solid   '^C.  °C. 


H  -  300-305  (dec.) 

raeta-methyl  275-230  >300 

para-methyl  295  >300 

meta -methoxy  -  290-295  (dec.) 

para-raethoxy  260  270-275  (dec.) 

ortho-fluoro  285-295  >300 

meta-fluoro    •  275-230  >300 

para-fluoro  290-295   '  >300 

para-chloro  285-290  > 300 

meta-bromo  250-250  > 300 

para-bromo  230-293  ) 300 

meta-nitro  -  290-295  (dec.) 

para-nitro  -  293-200  (dec.) 


73 


is  the  least  reactive  of  all  monomers  studied.  It  was  felt  that  if 
this  monomer  would  "pass  the  test"  then  the  assu^nption  is  probably 
valid.  The  ultra-violet  method  used  gave  values  for  the  rate  constant 
of  initiation,  k.  =  2.9  and  3.5  1.  mole  sec.  ,  respectively,  for  the 
para-methoxy  and  non-substituted  3 -nitrostyrenes  (see  Figures  5  and  7, 
pages  74  and  75.  These  values  indicate  that  the  rate  of  initiation  is 
rapid  and  that  the  observed  rate  of  polymerization,  v  ,  is  the  rate  of 
propagation. 

2 .   The  r_at_e  o_f  chain  transfer  is_  small  o_r  non-existent.  -  - 
As  previously  mentioned,  those  polymers  whose  solubility  in  DMF  per- 
mitted GPC  molecular  v;eight  distribution  analysis  gave  very  narrow 
molecular  weight  distributions  (see  Figure  8,  page  75  ,  for  a  typical 
example).   This,  is  one  of  the  most  surprising  characteristics  of  these 
polymerizations  to  be  noted  to  date.   The  apparent  lack  of  reactivity 
of  the  propagating  3 -nitrostyryl  carbanion  toward  ethanol  can  be  ration- 
alized on  the  basis  of  pKa  values.   The  pKa  of  nitromethane  is  11.0 
while  that  of  ethanol  is  15.9.   It  can  be  seen  that  the  structure  of 
the  propagating  p -nitrostyryl  carbanion  is  quite  malogo;.!S  to  that  of 
the  conjugate  base  of  nitromethane.   From  this  data  it  can  be  seen  that 
the  propagating  carbanion  is  a  far  weaker  base  thai  the  etho:cide  anion. 

-^*   Termination  does  not  '^ccjr  durin.'^  tlie  £2l^^eriza_ticns. -- 
The  molecular  weight  distribution  data  also  supports  this  assuription 
except  in  the  case  of  the  meta  and  para-B-dinitrostyrenes  vrhere  a  "back 
biting"  form  of  autc-termination  has  been  proposed.   This  teri.iina tion 
also  accov.ntea  for  tlie  broader  molecular  welghct  distribution  curves  for 
the  CO rri^sp-^^nding  polyiners  (see  Figure  24.  page  102).   In  higher  concen- 
trations of  polymer,  intennclecular  teri'iination  is  also  likely. 
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Figure  8 
Molecular  Weight  Distribution  Curve  of  Poly-para- 
chloro -B-nitrostyrene 
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The  fact  that  termination  does  occur  for  these  '.nonomers  coupled  with 
the  apparently  significant  solubility  of  the  resulting  poly.ners  in  the 
chosen  solvent  system  made  it  impossible  to  obtain  a  rate  constant  for 
para- ?-dinitro3tyrene.   The  validity  of  the  value  obtained  for  the 

raeta  isomer  should  be  questioned  despite  its  excellent  Hammett  plot 

19 

agreement  with  that  value  obtained  by  Kamlet  and  Glover. 

4 J  5.   The  lengt_h  o_f  the  £o_lynie_r  chain  d_oes  iiq_t  affect  jthe 
rate  of  r_eactiqn. --   This  ass^xmption  appears  to  be  valid  up  to  a  point 
as  indicated  by  the  kinetic  plots  (see  Figures  6-15,  pages  74  through 
84  .)   The  "straight-line  behavioi.-"  of  the  data  indicates  that  this 
assumption  is  valid  for  low  conversions.   As  previously  mentioned,  the 
polymerizations  are  heterogeneous  after  10  to  25  seconds  of  polymeriza- 
tion depending  upon  the  monomer.   This  requires  that,  in  order  to  main- 
tain a  constant  rate  of  polymerization,  the  propagating  carbanion  must 
maintain  a  constant  access  to  monomer  which  becomes  more  difficult  as 
the  length  of  the  precipitating  polymier  occludes  aid    effectively  buries 
the  carbanion.   This  is  the  most  probable  explanation  for  the  sudden 
decrease  in  observed  rates  of  polymerization  at  higher  percent  conver- 
sion.  However,  the  fact  that  the  observed  rates  remain  constant  past 
the  point  of  heterogeneity  does  definitely  sho.v  that  the  mere  precipi- 
tation of  product  does  not  alter  the  kinetics  of  the  reaction.   This 
observation  validates  assumption  5  as  well. 

6.   Conversion  o_f  initiator  t^o_  propagating;  carbanion  is  fiu.irr^ 
tj^tati_ve  ana  the  Reactivity  o_f  £l_l  resulting  ion-pairs  ^.s  aj5_s_u_med  to  be 
equal.--   The  initiation  reaction  must  be  quaatitative  as  evidenced  by 
the  relatively  high  reactivity  of  3" nitrostyrenes  toward  nucleophilic 
attack.   This  higli  reactivity  is  apparent  trom  Kamlet  s   Oc;3ervatLons. 
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TABLE  10 

Propagation  Rate  Constants  (k  ) 

P 

Substltuent  k   (1.  mole    sec.  )  k  /k 

P  ?  o 

0.42 

0.63 

0.71 

1.0 

1.2 

1.4 

0.82 

1.6 

2.0 

2.5 


para-raethoxy 

0.38 

meta-methyl 

0.57 

para-methyl 

0.63 

~H 

0.90 

para-f luoro 

1.1 

mata-methoxy 

1.3 

para-chloro 

0.73 

para-bromo 

1.4 

meta-bromo 

1.8 

meta-nitro 

2.2 

89 


The  fact  that  polymer  yield  has  been  sho'.\m  to  be  directly  proportional 
to  initiator  concentrations  (see  Figure  19,  next  page)  supports  the 
assuiTiption  that  the  reactivity  of  all  carbanions  is  essentially  equal. 
If  there  were  significant  quantities  of  both  tight  ion-pairs  and  the 
more  reactive  solvent-separated  ion-pairs,  then  one  would  expect  a 
dilution  effect  to  result  in  an  increased  observed  rate  of  poly-.neriza- 
tion  as  has  been  observed  in  the  anionically  initiated  polyinerizatioa 
of  styrene  in  TIIF  by  Szwarc.    This  would  be  manifested  by  a  decrease 
of  the  slope  of  the  percent  conversL^n  versus  initiator  concentration 
plot.   It  should  be  noted  that,  in  this  work,  this  was  only  tested  over 
a  fairly  small  range  of  concentrations  (5-fold  dilution). 

7.   The  rate  o_f  polymerization  ecjua_ls  the  ra_te  o_f  disajiDe_arance 
of  ™2.noin£_r .  -  -   There  were  no  indications  during  this  study  that  any  side 
reactions  occured.   In  view  .of  the  fact  that  possible  base  catalyzed 
Michael  addition  of  ethanol  to  S~riitrostyrene  is  merely  an  extreme  of 
chain  transfer,  this  possibility  need  not  be  considered  further  in  view 
of  the  molecular  weight  distribution  data. 

The  H3m.iett  plot  of  the  kinetic  data  (see  Figure  20,  page  91 

showed  a  surprising  resernblaice  to  a  similar  plot  of  the  data  of  Kap.let 

19 
and  Glover,   Figure  21,  page  92  .   This  fact  alone  Illustrates  the 

mechanistic  similarity  between  the  base  catalyzed  2Iichael  addition  reac- 
tion and  the  anionic  pol^nnerization  of  Q',  3- un saturate d  compounds.   The 
fact  that  both  plots  definitely  show  and  unusual  trend  is  certainly 
reinforcing  that  an  uiusual  effect  is  being  observed  and  not  merely 
experimental  error. 

Non-.s traight  Hammett  plots  have  been  obtained  before  from  many 
organic  reactions.   However,  these  have  usually  been  explained  on  the 
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basis  of  resonarice  stabilization  by  conjugated  electron  withdrawing 
groups  in  the  case  of  reactions  involving  developing  negative  charge  in 
the  rate-determining  step  and  conjugated  electron  donating  groups  in 

the  case  of  reactions  involving  develooiag  positive  charge.   Such  con- 

+ 

tributions  can  usually  be  corrected  for  by  using  a   aid  q      coiistants, 

respectively. 

Onia  notable  exception  is  the  solvolysis  of  benzyl  tosylates  in 

fin 

7o.6  ;aole  percent  aqueous  acetone  reported  by  Kochi  aid  Hainiond. 

+         37 

Brown  later  plotted  their  data  against  his  a   constants.    However,  he 

still  observed  two  distinct  slopes.   Brown  suggested  that  this  was  not 

+ 

due  to  a  breakdov^m  in  the  a      treatment  but  rather  duo  to  an  abrupt  cha  ige 

of  mechanism  froia  S  2  to  S  1  as  the  electron  donating  ability  of  the 

a  n 

substituents  increased. 

It  would  appear  plausible  that  the  distinct  change  of  slope 

19 

observed  in  the  work  of  Kamlet  aid  Glover   as  well  as  in  this  work 

could  also  be  due  to  a  change  of  mechanism.   The  comionly  accepted 
mechanism  of  anionic  polymerization  of  3-^itrostyrene  involves  attack 

of  the  propagating  carbanion  on  the  Ct-carbon  of  the  nitrovinyl  moeity 

13 
of  a  monomer.   This  mode  of  attack  has  been  substantiated  by  Kamlet 

for  the  analogous  attack  of  barbiturate  anion  oa  para-dinethylaTiino, 

para-chloro,  aad  para-metho;cy- 2-nitrostyrenes  by  oxidative  degradation 

of  the  resulting  Michael  addition  product. 

On  the  other  hand,  the  spectroscopic  study  of  the  initiation 

reaction  between  sodium  ethoxlde  and  meta  and  para-g-dinitrostyrene 

indicates  that  the  mechaiism  of  reaction  Involves  the  development  of  a 

highly  conjugated  carbanion.   Such  a  species  could  result  from  ethoxide 

attack  on  the  g-carbon  of  the  nitrovinyl  noeity.   Since  the  visible 
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region  absorptions  of  these  species  persisted  during  poljnneri/^ations 
of  these  coi?.pounds,  the  same  inechanism  of  attack  was  though':  to  be 
occurring  during  propagation.   This  observation  was  in  agreement  with 
such  a  change  of  mechanise. 

Furthermore,  it  was  noted  that  the  Hamiaett  plot  of  the  data 

19 

of  Kaiilet  and  Glover    (Figure  21,  page  92  )  for  para-nitro,  meta-nitro, 

para-chloro,  aad  unsubstituted  3-nitrostyrene  gave  a  straight  line 
(P  =  0.22)  if  one  used  the  O     constant  for  the  para-nitro  compound  rather 
thai  the  O   constant.   Use  of  the  c?  constant  gives  a  point  substantially 
above  the  line  defined  by  the  other  cojipounds.   This  also  seeined  to 
indicate  that  the  polymeriEatiDn  of  these  mononers  involved  a  ca.:banion 
which  was  conjugated  to  the  aroiiatic  ring. 

If  such  a  change  of  ;fiechanism  were  indeed  occurring,  the-n  this 
vjoald  have  been  the  first  reported  instaice  of  such  a  change  having  been 

observed  in  a  polymerization  reaction.   A  closer  look  at  the  data  of 

18 

Kamlat   revealed  a  discrepancy,  ho"i;ever.   In  that  particular  paper,  he 

described  the  reaction  of  substituted  3-nitro3tyrenes  with  barbituric 
acid  and  proved  the  structure  of  the  products  by  oxidative  degradation. 
Attack  of  the  barbiturate  anion  on  the  ct-cacbon  leads  to  a  product 
which  yields  the  corresponding  substituted  succinic  acid  upon  oxidative 
degradation. 


rr 


,N 


CR-CH-NOo 
2   2 


yj 


[0] 


%  p 

C-CH-CH^-C 
/   ,     2  \ 

HO  Jk      OH 


+ 
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The  reaction  product  with  para-chloro-p-nitrostyrene  yielded 
para-chloro-phanylsuccinic  acid  indicating  that  barbiturate  aaioa  attacks 
the  a-carbon  rather  thaa  the  B-carboa.   Attack  on  the  3-carboa  would 
yield  a  orodtict  which  would  not  give  succinic  acid  upon  degradation. 

To  check  the  significance  of  this  discrepancy,  it  v/as  decided 
that  the  mechanisin  of  attack  of  a  cax-banioa  on  meta  and  parajg-dinitro- 
styrens  should  be  examined  cl-oser.   For  this  reason  the  reactions  between 
the  sodiuM  salt  of  diethyl  .nalonic  ester  and  ineta  and  para,P-dinitro- 
styrenes  were  carried  out  and  the  products  were  degraded  with  refluxing 
concentrated  hydrochloric  acid. 

This  pr'^cedure  had  already  been  shown  to  yield  phenylsuccinic 
acid  when  applied  to  B-nl trostyrene.    Hers  it  should  also  yield  aroma- 
tic-substituted succinic  acid  if  no  change  of  tnechanis-oi  is  occurring. 
A  succinic  acid  could  not  be  obtained  if  a  change  of  mechanism  is  occur- 
ring, however.   Meta  and  para-nitrophenyl-succinic  acids  were  obtained 
in  high  yields  indicating-  that  no  change  of  mechanism  was  occurring. 
It  should  also  be  noted  that  the  bright  red  and  green  colors  which 
resulted  from  the  reaction  of  sodium  ethoxide  with  para  and  meta,P-di- 
nitrostyrene  were  not  observed  when  sodio-malonic  ester  was  reacted 
with  the  monomers. 

It  would  appear  that  the  more  nucleoohilic  less  selective 
sodium  ethoxide  may  attack  a  nitro-substltuted  -"^-nitro^tyrene  in  more 
than  one  position  whereas  the  more  selective  malonate  ester  carbanion 
reacts  by  the  most  energetically  favorable  route.   The  more  reactive 
sodium  ethoxide  may  attack  the  nitrated  g -nitrostyrcne  either  on  the 
3 -carbon  to  form  species  A  or  3  or  on  the  aro.natic  ring  to  for.a  species 
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_  I  ^ 

H^^ClIO-Et 


NO. 


C  or  D.   Naclgophillc  attack  on  the  aromatic  ring  could  also  occur 


NO. 


H-^^C 


Et-0- 


ortho  to  the  p-nitrovinyl  group.   In  view  of  the  fact  that  the   meta^B- 

dinitro3tyrene-sodiui.i  ethoxide  adduct  absorbed  at  higher  wavelength 

(557  vajj)  in    the  visible  region  than  the  para  isoaer  (539  \W) ,    the  latter 

machanis-n  appears  more  favorable.   It  is  also  possible  that  species 

C  and  D  may  be  inuch  less  reactive  toward   monomer  thus  explaining  the 

lov?  yields  of  poly.ner  obtained. 

Species  C  and  D  are  analogous  to  Maisenheii-ner  complexes  such 

,67 


as  species  E  which  has  been  studied  in  detail  b 


y  aernasconi, 


NO 


R-O^^O-R' 
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The  msta  and  par-ajB-diTltrostyrenes  are  sinilar  to  the  dinitx'obensaiies. 

Certain  nucleophilss  have  been  found  to  form  Meisenhairiier  complexes 

with  meta-dinitrobenzana.   Bunnett  and  Barnasconi   have  examined  the 

reaction  o":  piparidine  with  meta-dinitrobenzane  and  3ho>vTi  that  the 

resultant  species  F  absorbs  at  X     =  450  my.   This  species  is  si.Tilar 

max.  '^ 


N0„ 


NO. 


Pip   H 


in  structure  to  species  C  although  the  nitrostyryl  species  ".vould  be 
expected  to  absorb  at  longer  wavelenjjth. 

The  causa  for  the  aberrant  Ha-aiett  behavior  observed  in  this 

19 
\-}Ol\<.   as  well  as  the  work  of  Kamlat  and  Glover    is  not  oovious.   It  is 

obvious  that  an  electron  donating  substituant  in  the  para  position  will 

increase  the  electron  density  in  the  nitrovinyl  group  which  serves  as 

an  "electron  sink".   If  in  the  transition  state  of  the  propagation  step, 

2 

the  Oi-carbon  of  the  nitrostyryl  group  is  prinarily  sp   hybridi-iad,  thus 

facilitatiig  resonance,  then  one  might  expect  a  type  of  rate-decreasing 
effect  due  to  resonance  contribution. 

On  the  other  hand,  if  conjugation  between  the  electron-donating 
subsuituent  and  the  nitre  group  is  lost  in  the  transition  state,  then 

the  loss  of  resonance  energy  may  account  for  tlie  observed  affect. 

37  + 

As  previously  m.entioned,  Bro-m's   c?   constants  have  served  to 

correct  for  resonance  contributions  by  electron-donating  substituents 
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in  reactions  involving  the  developmsnt  of  conjugated  positive  charge 
in  the  rate-detennining  step.   In  such  reactions,  e.g.,  the  cationic 
polymerization  of  substituted  styrenes  as  reported  by  Overberger,   the 
resonance  contributions  lead  to  faster  rates  of  reaction  than  predicted 

by  O   constants.   Since  the  slope  of  the  Hanraett  plot  is  negative  in 

+ 

such  reactions,  use  of  the  more  negative  0  values  leads  to  a  better 

fit. 

In  the  case  of  this  reaction  (v/hose  slope  is  positive)  the 

rate -decreasing  effects  of  electron-donating  para-substituents  would 

37 

also  be  corrected  for  by  using  more  negative  cS   constants,  e.g.,  BroTvm's 

+ 

C     constants. 

37  + 

The  use  of  Broom's    O     constants  gave  extremely  good  correla- 

19 
tion  both  when  applied  to  the  data  of  Kamlet  and  Glover    (Figure  22, 

page  99)  and  this  work  (Figure  23,  pjge  100).   To  the  best  of  our 

kno"-?ledge,  tliis  is  the  first  tixie  O     constants  have  been  found  to  give 

good  correlation  for  a  reaction  involving  the  rate-deter.-lning  attack 

of  a  carbanion. 

It  v;ould  appear  that  this  may  also  apply  to  sinilar  reactions 

of  other  compounds  such  as  cinnamonitriles,  cinnamic  esters,  benzal 

malonates,  and  other  cojipounds  whose  electronic  sLruccure  is  similar 

and  vihose  expected  mode  of  reaction  v/ith  attacking  nucleophiles  would 

be  the  same. 


C.  Ta^  Mechanism  of  Termination  in  the  Anionic  Polymerization  of  Meta 
and  Para,  ^-dinitro styrana 

Drueke's  observation  that  the  more  reactive  m.eta  and  para, 3 - 
dinitrostyrenes  gave  significantly  lower  yields  upon  polymerization 
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than  less  reactive  monomers  has  been  well  substaTtiated  in  this  study. 
Wiile  meta  and  pa^a -metho;cy-g-nitro:3tyrenes  gave  95.8  and  9\,S   percent 
conversions,  respectively,  when  poly:nerized  with  three  mole  percent 
initiator;  meta  and  para-g-dinitrostyrenes  gave  only  22  and  5.2  percent 
conversions,  respectively,  vjhen  polymerized  with  five  mole  percent 
initiators.   These  relatively  low  yields  sujgest  that  either  the  molec- 
ular weights  were  extremely  low  or  a  significant  amoi.mt  of  poly;Tier  was 
not  isolated.   The  nnr  spectra  of  the  recovered  monomers  included 
unidentifiable  weak  but  broad  peaks  which  were  probably  attributable 
to  soluble  polymeric  material. 

However,  the  lo\;  yields  are  probably  primarily  due  to  a  type 
of  auto- termination  brought  about  by  the  relatively  high  acidity  of  the 
polyaier.   The  data  obtained  supports  the  hypothesis  that  a  propagating 
ca  rbanion  .nay  either  conti'iue  to  propagate  or,  in  a  "back  bitiig"  fashion, 
abstract  a  proton  to  ios.a   a  new  and  impotent  carbanion  of  the  pol>'mer 


clia\n. 
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R  =  polymer  chain 
Ar  =  aromatic  ring 
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Figure    24 
Tha  l-iolecular  IJeiglVc  Distribution  Curve   cf   Poiy-meta- 
3 -dinitrootyrena 
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This  process  could  occur  iiitermolecularly  as  well.   The  reluc- 
tance of  this  new  species  to  graft  poly.nerize  could  be  the  result  either 
of  steric  considerations  or  its  weaker  nucleophilicity.   The  fact  that 
solutions  of  the  polymers  and  sodiu.'n  ethoxido  did  not  initiate  any 
detectable  polymerizations  wlien  mixed  -^/ith  other  substituted  B-nitro- 
styrenes  supported  this  hypothesis. 

This  auto- termination  also  accounted  for  the  unusually  broad 

molecular  weight  distribution  curve  for  poly-mstaj3-dinitrostyrene 

(Figure  24,  page  102)  as  well  qs  the  large  ratio  of  I-I  fll      for  that  poly- 

"//  ii 

mer  (7.33). 

D.   The  Or tho- effect 

Drueke''3  observation  of  a  marked  ortho  effect  as  manifested 
by  subs  ta  itic.lly  loi'.'cr  yields  of  polymer  was  also  well  substaitiated 
in  this  study.   Ortho -fluoro-p-nitrostyrene  gave  a  26.3  piTcent  conver- 
sion 'vhicn  polymerized  with  three  mole  percent  sodium  ethoxide  compared 
1/ith  75.2  and  93.5  percent  conversions,  respectively,  for  the  ajeta  and 
para  isomers  under  identical  conditions. 

No  other  ortho-substituted  3-nitrostyrenes  (all  with  larger 
substituento  i'lian  fluoro)  gave  more  than  1.7/  percent  conversion  to 
ethanol  insoluble  product.   It  should  be  noted  that  the  fluoro  substit- 
uent  was  the  smallest  substituent  used  in  this  study. 

The  kinetic  study  revealed  that  the  rate  of  poly.nerii^atioa  of 
the  or tho-f IuolO  isomer  is  quite  constant  at  low  ccnveTSion.   The  fact 
that  the  kinetic  plot  (Figure  25,  page  104  )  intersected  the  0,0  coordi- 
n.?':e  snnporcs  the  hypothesis  that  initiation  of  the  polymerization  is 
relatively  fast  and  that  the  observed  rate  of  polyr.ierization  represents 
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the.   rate  of  nropa^atioa.   T'ne  value  obtained  for  the  propagation  rate 

-2  -1  -1 

coiistait    (k      =  i.S   X    10        1.    mole        sec.    )    quaatitatively    illustrates 

the  ma'^nitude   of    the   octho    effect;    k    (pu_;a)/k    (octho)    =   22, 

P        P 

The  experiTieats  which  involved  reaction  of  ortho-f luoro,  chlo-"o, 
broao,  methoxy,  and  (2-viayloxy)ethoxy-g-nitro3tyrenes  with  excess  sodium 
ethoxide  (monitored  by  nmr)  conclusively  showed  that  the  presence  of 
relatively  large  ortho-substituents  does  not  prevent  nucleoohilic  attack 
by  the  ethoxide  (iii.tiator) .   The  nur  spectra  (Figures  26-30  on  the 
following  pages)  indicated  that  all  five  compounds  reacted  qna^itita- 
tively  vjith  an  excess  of  sodium  ethoxide  vjithin  30  seconds.   No  quan- 
titative determination  of  the  rate  of  initiation  was  inade.   Qualitatively, 
hov7ever,  it  appears  that  there  is  little  steric  effect  exerted  on  the 
process  of  initiation.   Therefore  the  "ortho-effect"  is  probably  the 
result  of  inhibition  of  propagation.   This  could  be  due  to  the  fact 
that  the  initial  nitrovinyl  group  exists  in  a  confo  "nation  which  keeps 
it  nearly  coolanar  with  the  aroiaatic  ring  so  as  to  preserve  conjugation. 


This  confor:aation  might  result  in  the  existence  of  a  form  of 
Pitzer  strain  between  the  ot-hydrogen  of  the  nitrovinyl  group  and  larger 
Oi  tho-substltuents.   Thus,  it  can  be  seen  that  initiation,  xv'iich  should 
occur  fron  a  position  perpendicular  to  the  plane  of  the  coplanar  ring 
and  nitrovi-ivl  group,  W'ould  result  in  the  relief  of  this  strain.   How 
the  subatitucnt  exerts  an ■ inhlbitive  effect  on  the  reaction  of  the 
carbanion  on  the  3- carbon  is  not  pres^-ntly  understood. 
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The  hypothesis  that  attack  on  the  a-carboa  of  the  nitrovinyl 

group  is  not  sterically  inhibited  would  appear  to  be  well  supported  by 

20  21  22  23 

the  previously  mentioned  work  of  Worrall   '   '   '    who  reacted  various 

amines  with  ortho-substituted  3 -nitrostyrenes  and  obtained  1:1  adducts. 

59 
However,  it  should  be  noted  that  the  recent  work  of  Lough  and  Currie, 

who  conducted  kinetic  studies  of  the  reaction  of  butyl  amine  with  various 
3 -nitrostyrenes,  indicates  that  the  rate  determining  step  of  this  reac- 
tion is  not  a  simple  nucleophilic  attack.   They  obtained  a  negative 
value  of  P  from  their  Hammett  treatment  which  would  indicate  that  the 
transition  state  of  the  rate  determining  step  involves  some  degree  of 
proton  transfer  to  the  substrate.   Those  workers  hypothesized  a  trans- 
ition state  involving  a  six-centered  ring.   It  is  obvious,  however,  that 


R 


the  reaction  does  not  involve  a  rate-d3termining  attack  on  the  3"Carbon 
and  no  ortho-effect  is  observed. 
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